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PREFACE    TO   THE   GERMAN    EDITION 

The  aim  of  the  Second  Part  of  this  book  requires  no  exposition. 

The  large  space  devoted  to  the  Bryophyta  receives  its  justification  in  the 
fact  that  these  plants  offer  an  easily  accessible  and  easily  cultivated  material 
for  Experimental  Organography,  and  that  they,  especially  the  Hepaticae, 
show  particularly  clearly  how  by  different  paths  complex  configuration  has 
been  reached  from  simple  beginnii^s.  Earlier  accounts  of  these  plants  ^ 
have  dealt  with  them  almost  exclusively  from  the  purely  formal  standpoint, 
and  in  this  offer  a  contrast  with  the  work  of  the  great  bryologist  of  the 
eighteenth  century,  Hedwig,  who  was  untrammelled  by  the  limiting  concept 
that  has  attached  to  the  terms  *  Morphology '  and  *  Physiology  V  How 
incomplete  is  our  knowledge  of  the  phenomena  of  life  of  this  group  is 
everywhere  apparent. 

To  give  a  comprehensive  exposition  is  always  a  forbidding  task ;  I  hope 
that  my  readers  will  not  consider  the  many  new  results  of  investigation ' 
and  the  interpretations  that  are  given  in  this  book  as  a  *  crambe  biscocta,* 
and  that  what  I  have  said  may  lead  to  new  investigations. 

To  prevent  misunderstanding  I  may  say  that  teleolc^ical  expressions 
are  only  used  for  shortness.  My  position  with  regard  to  the  question  of 
adaptations  is  fully  set  forth  elsewhere*. 

The  nomenclature  of  the  Bryophyta  is  at  present  in  great  confusion. 
In  respect  of  it  I  adopt  a  conservative  attitude,  and  regard  as  a  nuisance 
the  practice  of  changing  plant-names  which  have  been  long  in  use  and 
appear  in  fundamental  works  like  those  of  Hofmeister  and  Leitgeb  purely 
on  the  ground  of  a  shadowy  priority.  Fortunately  the  practice  appears 
to  have  over-reached  itself. 

K.  GOEBEL. 

Ambach,  1898*. 

^  The  mott  complete  acconnt  of  the  Group  is  that  of  Douglas  Campbell,  The  Structure  and 
Development  of  the  Mosses  and  Ferns,  London  and  New  York,  1895.  This  book  is  fall  of  details 
of  minute  anatomy  obtained  by  microtome-methods,  and  is  specially  yalnable  because  of  the  records 
of  the  author^s  own  researches. 

'  Compare,  for  example,  the  Pre&ce  of  his  *  Descriptio  et  adumbratio  microscopica-analytica 
musconim  frondosomm,'  where  he  gives  free  expression  to  his  teleological  instincts.  N^lecting  the 
physico-theological  tone  of  the  work  we  find  that  a  separation  of  form  and  function  was  to  the 
author  unthinkable. 

'  I  wish  here  to  acknowledge  my  indebtedness  for  material  for  these  investigations  to  Dr.  E.  Levier 
of  Florence  and  F.  Stephani  of  Leipzig. 

*  See  an  address  by  me, '  Uber  Studium  und  AufTassung  der  Anfassungserscheinungen  bei  Pflanzen,* 
Mtbchen,  1898. 

'  The  year  of  publication  of  the  First  Section  of  this  Second  Part  The  last  section  appeared 
in  1901. 
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PREFATORY    NOTE    TO    THE 
ENGLISH    EDITION 

The  reasons  for  this  translation  are  given  in  the  Preface  to  the 
First  Part. 

In  preparing  for  English  readers  this  Special  Part  of  Professor  Goebel's 
book,  which  abounds  in  facts  and  interesting  interpretations,  titles  have 
been  prefixed  to  the  parag^raphs,  and  to  them  a  key  will  be  found  in  the 
extended  Table  of  Contents.  By  this,  and  by  the  Index,  it  is  hoped  that 
reference  to  the  book  will  be  facilitated. 

Professor  Goebel  has  read  all  the  proof-sheets,  and  has  modified  the 
text  in  several  places,  and  added  additional  notes.  The  paragraphs  upon 
germination  of  microspores  (p.  6ia)  have  been  rewritten,  and  new  figures 
have  been  introduced. 

On  the  title-page  of  and  throughout  the  First  Part  the  word  Sper- 
maph)rta  was  used  in  conformity  with  custom.  In  this  Second  Part  the 
word  appears  in  the  more  correct  form  of  Spermophyta. 

I  should  have  preferred  in  the  translation  to  restrict  the  term  *  flower  * 
to  its  established  signification  of  that  sporangiferous  shoot  which  is  found 
in  flowering-plants.  The  extension  of  the  term  in  the  text  to  the 
Pteridophyta — adopted  also  by  some  English  writers — ^is  apt  to  lead  to 
ambiguity,  and  encourages  other  loose  expressions  such  as  *  seed '  of  ferns. 
A  change  in  the  direction  I  have  indicated  would  have  involved,  however, 
in  default  of  another  general  term  in  use  by  which  to  designate  the 
sporangiferous  shoot  of  Pteridophyta  and  Spermophyta,  so  many  modifica- 
tions in  the  text  as  to  have  caused  me  to  transgress  the  guiding  principle 
of  the  translation — to  produce  the  work  as  nearly  as  possible  as  minted 
by  the  author. 

L  B.  B. 

Edinburgh,  1905. 
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CORRECTIONS. 

Part  I. 
Page    5,  line  1 2  irom  bottom,  /or  If  read  It. 

10,  line  13  from  top,  /or  Bilbergia  nod  BUdheTgisL, 

39>  Fig*  I4>  /^  Mortiziana  read  Moritziana. 

46,  Footnote  i,  /or  lacnstre  read  palostie. 
113,  line  a  from  top,  /or  StrobUanthos  read  Strobilanthes. 
190,  line  19  from  top,  /or  Weigelia  read  Wcigela. 
310,  line  5  from  top,  /or  stipelles  read  stipels. 
356,  line  18  from  top,  /or  moschatellina  fv/»/ Moachatellina. 
260,  lines  12  and  13  from  bottom,  y^  Jussiaea  read  Jnssienea. 
364,  Footnote,  line  i,  /or  pyracantha  read  Pyracantha. 

Part  II. 

68,  line  3  from  top,y^  moschatellina  ^vtuf  Moschatellina. 

97,  line  10  from  bottom,  /or  remain  read  remains. 
i57>  F^g-  I33>  /^  transverse  read  longitudinal. 
3 10,  Footnote,  /or  aqnatica  read  aqnaticnm. 
333,  line  3  from  bottom,  for  emergencies  read  emergences, 

315,  line  9  from  top,  /or  Amphicosmia  Walkerae  read  Hemitelia  (Amphicosmia)  Walkerae. 
315,  line  4  from  bottom,  ^2^  Amphicosmia  Walkerae  fVA/ Hemitelia  (Amphicosmia)  Walkerae. 
350,  line  4  from  bottom,  /or  O.  Stmthiopteris  read  Onoclea  Stnithiopteris. 
445,  line  9  from  top,  /or  Pnmilo  read  Pamilio. 
469,  line  16  from  top,  for  Vivipara  read  vivipara, 
478,  line  4  from  top,  for  Rupestris  read  rupestris, 

478,  line  3  frt>m  bottom,  for  Dimorpkum  read  dimorphum, 

479,  line  13  from  top,  for  Pofycarpa  rttA  pofycarpa, 

575,  line  15  from  top,  /or  Arrangement  tau/ Arrangements. 
624,  top  line,  /or  megaprothallinm  r^o^  megaprothallns. 
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SPECIAL  ORGANOGRAPHY 

INTRODUCTION 

I  HAVE  endeavoured  in  the  general  part  of  this  work  to  depict  in  some 
examples  the  general  relationships  of  the  formation  of  organs  in  plants ; 
I  have  now  in  this  special  part  to  describe  these  relationships  in  the  several 
groups  with  more  detail.  Various  considerations,  especially  those  of  space, 
compel  me  to  restrict  my  attention  to  the  groups  which  fall  within  the 
limited  scope  of  this  book,  namely,  the  Arch^;oniatae  and  Spermophyta. 

In  conformity  with  general  usage,  I  include  amongst  the  Archegoniatae 
the  Bryoph3rta  and  the  Pteridophyta.  We  might  directly  link  on  to  these 
the  Gymnospermae,  whose  relations  to  the  heterosporous  Pteridophjrta 
have  been  proved  in  recent  times  to  be  very  close  by  the  discovery  of 
spermatozoids  in  the  Cycadaceae,  with  which  group  perhaps  other  forms  will 
have  to  be  reckoned ;  but  the  combination  of  groups  between  which  actual 
connecting  members  are  not  known  must  always  be  a  matter  of  con- 
venience, and  I  have  therefore  preferred  to  keep  together  under  the  term 
Spermophyta  the  whole  of  the  plants  that  produce  seed.  At  the  same 
time  we  must  remember  that  the  chief  classes  of  Spermoph}^  embrace 
lines  of  development  as  different  as  are  those  of  the  groups  Pteridophyta 
and  Bryophyta  which  make  up  the  Archegoniatae. 

When  we  compare  any  one  of  the  natural  series  of  these  groups  in  their 
different  members,  the  first  question  that  arises  is,  what  is  the  relationship 
between  formation  of  organs  and  adaptation?  In  other  words,  are  the 
specific  marks  which  separate  from  one  another  the  several  species,  genera, 
and  so  forth,  within  one  series,  of  a  purely  adaptive  nature  as  the  extreme 
disciples  of  the  '  natural  selection '  school  hold,  or  are  the  specific  and  the 
adaptive  marks  separable  ?  In  my  opinion  there  can  be  no  doubt  that  the 
latter  is  the  case.  The  formation  of  organs  must  naturally  always  stand 
in  conformity  with  the  furtherance  of  life,  but  the  special  stamp  it  bears  in 
each  group,  in  spite  of  all  differences  in  the  individual  adaptive  configura- 
tion, shows  that  the  Mnner  constitution,'  if  we  may  use  this  expression 
which  cloaks  our  ignorance,  plays  the  chief  part ;  were  it  not  so  the  pro- 
fuseness  of  the  formation  of  organs  could  not  be  understood.    What  special 
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advantage  should  it  bring  to  the  Anthoceroteae  that  their  chloroplasts 
possess  pyrenoids  which  are  not  seen  in  other  Hepaticae?  Or,  that  the 
mucilage  which  protects  their  apical  region  arises  in  mucilage-slits 
instead  of  in  club-shaped  papillae?  Or,  that  their  sporogonia  are  not 
stalked  ?  Or,  that  their  sporogenous  layer  is  laid  down  in  a  way  different 
from  that  in  other  Hepaticae?  Or,  that  their  arch^onia  are  always 
embedded,  and  their  antheridia  are  developed  in  pits?  All  these  are 
specific  characters  which  cannot  be  reckoned  as  adaptations.  On  the  other 
hand,  the  production  of  water-sacs  by  species  of  Dendroceros,  after  the 
fashion  of  Metzgeria  saccata  and  other  forms,  is  an  adaptation ;  the  same 
may  be  said  of  the  arrangements  for  collecting  water  which  Anthoceros 
exhibits  in  common  with  many  other  Hepaticae ;  and  also  of  the  tubers 
which  some  species  of  Anthoceros  produce,  as  do  the  prothalli  of  Ano- 
gramme  amongst  the  Filices.  Many  other  examples  in  this  and  in  other 
series  might  be  given. 

Seeing  that  the  phenomena  of  adaptation  repeat  themselves  in  different 
groups  in  like  manner,  they  naturally  must  appear  more  conspicuously  in 
the  First  Part  of  this  book  than  they  can  in  this  Special  Part.  The 
appearance  of  characters  of  adaptation,  everywhere  or  almost  everywhere 
in  a  group,  in  all  its  members,  for  example  the  structure  of  the  thallus 
in  the  Marchantieae,  must  be  considered  rather  as  an  accidental  concurrence 
with  the  specific  marks — a  conformity  which  we  can  understand  if  we 
assume  that  the  adaptation  is  a  very  old  one,  that  is  to  say,  it  took  place 
before  the  separation  of  the  group  into  isolated  forms  which  developed  in 
different  directions. 

The  structure  of  the  sexual  organs  and  an  abrupt  alternation  of  genera- 
tions are  characteristic  of  the  Arch^oniatae.  The  name  is  based  upon  the 
structure  of  the  female  sexual  organ,  which  throughout  the  whole  group 
has  an  essentially  similar  construction  in  its  mature  state.  The  antheridium 
is  a  cellular  body  provided  with  an  envelope  if  it  is  not  sunk  in  other 
tissue,  and  this  envelope  almost  always  consists  of  one  layer  of  cells.  The 
arch^onium  is  flask-shaped  and  encloses  a  single  egg  which  is  fertilized 
by  the  spermatozoids — male  elements  swimming  freely  in  water,  and  of 
characteristic  configuration  and  special  origin.  The  elongated  configuration 
of  these  is  probably  an  adaptation  which  fits  them  to  penetrate  the 
mucilage  investing  the  egg^.  The  peculiar  transformation  of  the  cells 
which  leads  to  the  formation  of  the  spermatozoids  finds  its  counterpart,  so 
far  as  is  yet  known,  only  in  the  Characeae.  I  cannot,  however,  go  further 
into  that  subject  here. 

Experience  has  shown  us  that  the  nature  of  the  sexual  organs  is  of  quite 
special  importance  for  the  characterization  of  the  groups  we  are  dealing 


^  We  find  them  in  Volvocineae.    See  Part  I,  p.  28,  Fig.  4. 
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with,  and  we  must  therefore  ask  in  the  first  place  whether  there  is  to  be 
found  in  their  structure  any  indication  of  a  common  line  of  genetic  con- 
nexion. The  more  recent  investigations  into  the  history  of  development  of 
these  oi^ns  have  in  the  main  n^Iected  the  mature  stage ;  yet  the  manner 
in  which,  for  example,  the  antheridia  open  in  the  Bryophyta  is  of  no  less 
importance  than  is  the  succession  of  cell-divisions. 

It  would  be  instructive  to  give  a  comparative  account  here  of  the 
structure  and  of  the  development  of  the  sexual  organs  of  all  the  Arche- 
goniatae,  but  for  the  reasons  stated  we  must  discuss  these  organs  separately 
in  the  two  arch^oniate  groups — Bryophyta  and  Pteridophyta. 

In  the  following  pages  our  subject  is  dealt  with  in  the  two  sections : — 
I.   Bryoph)^a. 
IL   Pteridophyta  and  Spermophyta. 


B  2 


Digitized  by 


Goo^^ 


Digitized  by 


Google 


FIRST    SECTION 

BRYOPHYTA 


Digitized  by 


Google 


Digitized  by 


Google 


BRYOPHYTA 


It  has  been  customary  from  of  old  to  subdivide  the  Bryophyta,  or 
Muscineae  into  the  two  classes  of  the  Hepaticae  or  liverworts  and  the 
Musci  or  mosses^.  Each  class  embraces  a  number  of  series  which  are 
in  part  sharply  separated  from  one  another ;  at  the  same  time  they  have 
so  much  in  common  that  their  combination  even  to-day  appears  still  useful. 
Between  Hepaticae  and  Musci  there  are  no  transition- forms,  as  there  are 
none  between  Bryophyta  and  Pteridophyta ;  and  as  there  never  were  such 
transitions*  their  absence  is  not  caused  by  their  having  died  out.  If  the 
development  proceeded  from  very  simple  nearly  related  forms  in  definite 
and  divergent  directions  we  ought  always  to  find  a  partial  correspondence 
Only  in  the  simplest  forms,  and  as  a  matter  of  fact  we  find  these,  as  will  be 
shown  in  the  following  pages.  All  of  the  speculations  upon  the  relationship 
between  the  Hepaticae  and  Musci,  Bryophyta  and  Pteridophyta,  and  other 
groups,  which  are  based  upon  the  highly  developed  Arch^oniatae  are 
therefore  products  of  fancy ;  they  spring  from  the  tendency  of  our  im^ina- 
tion  to  assume  connexions  even  where  they  are  not  directly  proved,  but 
they  have  no  sufficient  support  in  the  facts  of  experience,  and  their  sole 
value  lies  in  the  new  points  of  discussion  they  create. 

The  two  groups  of  the  Bryoph)^a  behave  quite  differently  in  the 
formation  of  their  vegetative  organs.  Everywhere  in  the  Musci  we  find 
one  and  the  same  type  of  differentiation  of  the  members  of  the  v^etative 
body — that  of  the  leafy  stem.  In  the  Hepaticae  there  is  much  greater 
variety :— starting  from  simple  thallose  forms  which  in  their  differentiation 
of  members  are  far  behind  many  of  the  Thallophyta,  for  example 
Sargassum,  we  have  a  rich  variety  in  the  construction  of  the  vegetative 
body  and  its  adaptation  to  external  relationships.  We  gain  the  impression 
that  the  Hepaticae,  apart  from  the  Anthoceroteae,  are  a  younger  group. 


^  It  was  Hedwig  (Theoria  generationis  et  fructificationis  plantamm  cryptogamicanim  Linnaei, 
lipeiae,  1798)  who,  I  belieye,  framed  this  classification.  He  divided  (p.  119)  the  Musci  into 
'  Frondoei,*  including  those  whose  sporangium  usually  has  a  lid,  and  '  Hepatic!/  including  those 
whose  sporangium  has  no  lid,  but  opens  by  longitudinal  valves.  Michel!  originally  gave  the  name 
'Hepatica*  to  Fegatella  conica  on  account  of  a  fancied  resemblance  to  the  lobes  of  the  liver. 
Linnaeus  had  placed  Jungermannia  and  Marchantia  amongst  the  Algae. 

'  See  Part  I,  p.  19. 
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still  in  a  condition  of  flux,  as  compared  with  the  older  more  fixed  Musci. 
This  is,  however,  a  purely  subjective  representation,  as  the  facts  of 
Palaeontology  leave  us  completely  in  the  dark.  The  soft  Hepaticae 
especially  are  but  little  favourable  to  preservation  as  fossils,  and  it  is 
impossible  to  say  whether  many  of  the  impressions  which  are  described 
as  'Algae'  are  not  to  be  ascribed  to  the  thallose  Hepaticae. 

The  structure  of  the  sexual  organs  on  the  other  hand  supplies,  as  has 
been  already  indicated,  a  resemblance  between  the  groups,  and  this,  when 
we  consider  it  from  the  standpoint  of  the  theory  of  descent,  appears  to 
be  an  inherited  portion  from  common  ancestors.  In  other  words,  if  we 
assume  a  descent  in  general  it  follows  that  the  vegetative  organs  must  have 
been  greatly  changed  in  different  directions,  whilst  the  sexual  organs  have 
altered  but  little.  It  is  clear  from  this  that  the  endeavours  to  refer  back 
the  sexual  organs  to  parts  of  the  vegetative  body^  must  be  futile. 
Further,  the  construction  of  the  sexual  organs  is  not  the  same  in  all 
Archegoniatae,  but  is  rather  characteristic  in  the  individual  groups,  yet 
does  not  always  exhibit  quite  constant  differences.  The  development  of  the 
archegonia  in  the  Bryophyta  is  everywhere  different  from  that  in  the  Pteri- 
dophyta,  and  the  explanation  of  this  is,  as  I  tried  to  show  long  ago,  that  these 
two  complex  groups  have  from  a  very  early  time  developed  in  diverging 
directions,  and  it  is  therefore  impossible  to  prove  a  direct  affinity. 

An  exposition  of  c)^ological  relationships  is  not  within  the  plan  of  this 
book.  I  may  merely  mention  that  Farmer*  found  in  the  dividing  nuclei 
of  the  sexual  generation  of  Blyttia  (Pallavicinia)  decipiens/wr  chromosomes, 
whilst  in  the  asexual  generation  derived  from  the  fertilized  egg  there  are 
eight.  The  sporocytes  on  the  other  hand  show  in  division  only  four 
chromosomes — a  reduction  to  one  half.  It  is  probable  that  this  difference 
in  the  nuclei  of  the  sexual  and  asexual  generations  exists  also  in  other 
Bryophyta*  and  Arch^oniatae.  From  many  points  of  view  this  is  an 
important  difference,  and  it  is  to  be  wished  that  it  will  receive  ere  long  full 
elucidation. 

In  what  immediately  follows,  the  grosser  relationships  of  configuration 
and  the  structure  of  the  sexual  organs  of  the  Bryophyta  are  shortly 
described. 

*  With  the  morphological  value  of  *  caulomes '  or  *  trichomes,*  see  Part  I,  p.  17. 

*  Fanner,  Studies  in  Hepaticae:    On  Pallavicinia  dedpiens,  Mitt.,  in  Annals  of  Botany,  viii 
(1894),  P-  35. 

*  Farmer  has  already  proved  this  in  Pellia  epiphylla.    See  Annals  of  Botany,  ix  (1895),  P*  488. 
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SEXUAL   ORGANS   OF  BRYOPHYTA 

1.     THE  ANTHERIDWM. 

!•  Structure  and  Position,  The  mature  antheridium  has  the 
same  essential  structure  in  Hepaticae  and  Musci.  The  special  body  of  the 
antheridium  is  seated  upon  a  stalk  (Fig.  a),  the  length  of  which  varies  in 
evident  connexion  with  the  relationships  of  life  of  the  plant  It  is  short 
in  the  antheridia  of  the  Hepaticae  if  they  are  sunk  in  pits,  and  then,  as  we 
shall  see,  the  mouth  of  the  pit  supplies  frequently  a  mechanism  for  the 
ejection  of  the  spermatozoids  ;  it  is  long  in  Musci,  where  the  antheridia  are 
not  closely  enveloped  by  leaves  but  stand  more  or  less  exposed  and  pro- 
tected only  by  paraphyses.     Relatively  long  stalks  are  found  in  antheridia. 


Pia  f.    Marcbaatia  pol^morpba.     A^  antheridinm  with 
~  tpennatosoid 
Stmbarger. 


nracilage-papiUae,  p.  at  its  Saae.   B^  spennatosoids.  A^  mag- 
niied  9a    B^  magnified  600.    After  t 


Pia  a.  Phaacmn  cnapidatmn.  Stem  in 
longitudinal  section,  by  leaves :  /,  paraphyses: 
ar,  archegoniam ;  aw,  antherioinm.  Magnifiea 
45.    After  Hofineist^.    Lehrb. 


which  Stand  in  the  axils  of  leaves  as  in  the  acrogynous  Hepaticae,  and  there 
they  secure  that  the  contents  of  the  antheridium  do  not  remain  in  the  axils 
of  the  leaves  when  they  are  discharged.  We  find  similar  relationships 
amongst  the  Musci  in  the  antheridia  of  Buxbaumia  (Fig.  105),  where  they 
are  enclosed  in  an  envelope  like  a  mussel-shell  and  superficially  resemble  the 
antheridia  of  Hepaticae.  The  configuration  of  the  body  of  the  antheridium 
b  connected  also  with  the  distribution  of  the  spermatozoids.  The  deeply 
sunk  antheridia  of  the  series  of  the  Marchantiaceae  and  those  of  Monoclea 
are  club-shaped,  whilst  they  have  a  more  spherical  form  when  they  occupy 
a  more  exposed  position,  as  is  the  case  in  most  of  the  Musci. 

The  body  of  the  antheridium  is  composed  of  a  wall  investing  a  mass 
of  spermatocytes.    The  spermatozoids  ^  are  always  biciliate  (Fig.  i).    The 


*  Tliese  were  first  described  m  Fossombronia  pusilla  by  Schmidel,  Icones  planUmm,  Norim- 
bcTgae,  1747. 
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wall,  which  originally  possesses  chlorophyll,  frequently  shows  in  Hepaticae, 
such  as  Sphaerocarpus^  Fossombronia,  Anthoceros,  and  in  many  Musci 
abundant  chromoplasts  which  give  it  a  reddish  or  yellow-brown  appearance, 
and  we  might  with  Stahl  conjecture  that  this  colouration  promotes  an 
increase  of  warmth  to  the  antheridium.  In  support  of  the  view  that  the 
colouration  of  the  wall  has  a  biological  significance  I  may  point  out  that  in 
Sphaerocarpus  the  sac-like  envelope  in  which  the  antheridia  are  enclosed 
has  a  reddish  colour,  and  in  Pellia  the  walls  of  the  shallow  pits  inthethallus 
in  which  the  antheridia  are  sunk  is  coloured  frequently  violet.  The  pits  for 
the  antheridia  in  Marchantia  also  are  coloured  violet.  The  wall  of  the 
antheridium  is  covered  with  a  cuticle  which  is  thicker  in  those  which  are 
exposed  than  in  those  which  are  in  pits. 

2.  Opening  of  the  Antheridium  and  discharge  of  the  Sper- 
MATOZOIDS.  The  method  in  which  the  antheridia  discharge  their  sper- 
matozoids  has  not  been  much  referred  to  in  recent  literature.  If  a  ripe 
antheridium  be  touched  with  a  drop  of  water  it  opens  instantaneously  and 
the  spermatozoids  are  at  once  placed  in  favourable  conditions.  It  has  been 
commonly  assumed  that  the  wall  of  the  antheridium  is  gradually  ruptured 
at  the  apex  through  the  pressure  pf  its  swelling  contents  ^  which  then  issue 
from  it.  I  have  satisfied  myself,  however,  by  the  examination  of  a  large 
number  of  antheridia  of  both  Hepaticae  and  Musci  that  the  wall  plays  an 
active  part  in  the  opening  of  the  antheridium  *.  In  most  cases  this  is  brought 
about  by  the  same  means  as  are  employed  in  the  annulus  for  the  opening 
of  the  capsules  of  many  Musci — a  deposition  of  mucilage  takes  place  in 
the  cells,  and  this  by  its  increase  in  volume  through  the  absorption  of  water 
causes  the  dehiscence.  So  far  as  my  investigations  show  there  appear  to  be 
two  types  of  opening  in  the  antheridium  of  Bryophyta  : — 

(i)  One  cell  or  a  sharply  limited  group  of  cells  at  the  apex  of  the 
antheridium  takes  part  in  the  opening ;  this  cell  or  group  of  cells  may  be 
called  the  opening  cap.  This  type  occurs  in  the  Musci  with  the  exception 
of  Sphagnum. 

(2)  No  such  limitation  ot  the  cells  concerned  in  the  opening  is  found, 
but  a  large  number  of  cells  of  the  wall  take  part  in  it.  This  type  is  found 
in  the  Hepaticae  and  in  Sphagnum. 

I  shall  now  describe  shortly  a  few  examples  of  the  opening  of 
antheridia. 

{a)  Hepatioae.  The  opening  of  the  antheridium  of  the  Junger- 
manniaceae  is  brought  about  in  the  same  way  in  all  cases  so  far  as  we 
know.  A  deposition  of  mucilage  takes  place  in  the  outside  wall  of  the  cells 
forming  its  wall,  especially  in  the  upper  part  of  the  antheridium.     The 


*  The  waU  of  the  spennatocjtes  becomes  mndlage  at  a  relatively  early  period. 

*  Goebel,  Uber  den  OffntingsmechaDismiis  der  Moos-antheridieo,  in  Annales  dn  Jardin  botanique 
de  Bnitenzorg,  Supplement  II  (1898).    The  literature  it  cited  here. 
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swelling  of  this  mucilage  stretches  the  cuticle,  which  finally  splits. 
Frequently  the  cells  of  the  wall  separate  from  one  another  and  curve  in 
a  direction  the  reverse  of  their  original  curvature  (Fig.  5,  5).  I  have 
never  observed  that  they  act  as  '  ejaculatores  seminis '  as  Gottsche  sug- 
gested *.  They  may,  however,  remain  in  connexion  with  one  another 
except  at  the  point  of  splitting.  In  the  series  of  Marchantiaceae  I  noticed 
a  very  great  increase  in  the  radial  diameter  of  the  cells  of  the  wall  of 
the  ripe  antheridium,  which  is  here  in  a  deep  pit.  In  this  case  we  have 
not  to  consider  the  tension  induced  by  the  cuticle  of  the  antheridium, 
but  that  caused  by  the  wall  of  the  pit  in  which  the  antheridium  is  seated. 
The  mouth  of  the  pit  is  in  many  forms  of  this  series  raised  above  the 
surface  as  a  projecting  point,  and  this  in  my  opinion  has  the  same  use 
as  the  nozzle  of  a  syringe,  and  the  wall  of  the  antheridium  acts  like  that 
of  the  india-rubber  ball  of  a  hand-spray.    The  emptying  of  the  antheridium 


Fig.  3.  opening  cap  of  the  antheridiun  in  MnacL  i^  Panaria  hygrometrica.  Antheridiam  in  profile ;  the 
opening  cap  consists  of  one  cell,  a,  Polytricham.  Emptied  antheridiam ;  the  opening  is  in  section.  3,  Catharinea 
ondolata.  Apex  of  an  antheridiam  m  longitudinal  section ;  the  cells  of  the  opening  cap  are  marked  by  the 
deposition  of  madlage  in  their  walls. 

may  also  take  place  gradually,  and  drops  containing  spermatozoids  are 
then  found  at  the  mouth  of  the  pits,  whence  they  can  be  either  washed 
away  or  removed  by  small  animals.  The  pit  has  then  a  definite  function 
to  perform  in  the  ejection  of  the  spermatozoids,  and  is  not  merely  concerned 
with  the  protection  of  the  antheridium*.  We  have  as  yet  no  certain 
knowledge  of  the  method  by  which  water  gets  from  the  outside  into  the 
narrow  pits  of  the  antheridiophore  of  Marchantia.  Perhaps  the  mucilage 
which  is  formed  in  the  pits  by  special  mucilage-papillae  (Fig.  i,-^,/), 
and  which  accumulates  at  the  mouth  of  the  pits  and  so  acts  as  a  protection 
against  dryness,  may  also  act  as  an  absorbent  of  water. 

{b)  Mosoi.     Funaria,  Mnium,  Catharinea,  Polytrichum,  were  examined 
(Fig.  3).     The  process  in  all  cases  is  the  same  excepting  that  the  number 


'  When  an  ejection  of  the  contents  of  the  antheridium  occurs,  as  in  Frullania,  it  is  the  sudden 
coDtiaction  of  the  previously  stretched  wall  of  the  antheridium  which  causes  this. 

'  In  the  Anthoceroteae  the  antheridia  are  laid  down  in  intercellular  spaces  of  which  the  covering  is 
subsequently  destroyed;  the  protection  of  the  antheridia  is  in  this  case  Uie  only  function  of  the  pit. 
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of  cells  in  the  opening  cap  differs ;  in  Funaria  there  may  be  one  or  two,  in 
the  others  there  may  be  more.  The  cap  appears  in  water  like  a  clear 
vesicle,  as  it  was  described  and  figured  by  Hedwig.  The  cuticle  becomes 
greatly  stretched  and  the  cells  of  the  opening  cap  suddenly  burst  and  their 
contents  pass  either  at  first  inwards  to  be  subsequently  discharged  with  the 
contents  of  the  antheridium  when  the  cuticle  ruptures  at  the  apex,  or  are 
discharged  outwards  at  once  if  the  cuticle  at  the  apex  ruptures  earlier.  In 
all  cases  a  narrow  opening  only  is  formed  which  is  bounded  by  the  remains 
of  the  cells  of  the  opening  cap  (Fig.  3,  2),  and  through  this  channel  the 
slimy  contents  of  the  antheridium  slowly  pass  out.  There  can  be  no  doubt 
that  the  contraction  of  the  previously  stretched  wall  of  the  antheridium  aids 


X 


Pig.  4.    Monodea  dilatata.    /,  //,  yoang  antheridiam  in  a  pit  of  the  thallna.    7//,  female  plant  in  longi- 
ifyonngarch^onia  in  a  pit  behind  the  apex.  Drawn  by  Rage  from  matenal 


tndinal  section  showing  the  inception  ol  ^       „  ^ 

collected  by  me  on  the  Cordilleras  of  the  coast  of  Venezuela. 


their  passage,  but  at  the  same  time  their  swelling  into  the  form  of  a  sausage 
is  an  important  factor.  The  spermatozoids  disperse  afterwards  when  the 
mucilage  in  which  they  are  embedded  becomes  more  fluid. 

3.  Development  of  the  Antheridium.  As  we  have  such  charac- 
teristic differences  in  the  structure  of  the  mature  antheridium  in  the  two 
classes  of  the  Bryophyta  it  is  not  surprising  that  differences  show  them- 
selves also  in  the  manner  in  which  they  are  built  up  out  of  cells.  Are  these 
differences  then  of  systematic  significance,  and  if  so  to  what  extent  ?  We 
may  say  generally  that  they  are  of  importance  and  the  chief  facts  may  be 
shortly  stated  here. 

{a)  Hepaticae\  Two  types  are  exhibited,  but  they  are  connected  by 
intermediate  links: — 


'  See  Leitgeb,  Untersuchungen  uber  die  Lebermoose,  i-vi,  Graz,  1874-1881 ;  Satter,  Beitrage 
znr  Entwicklnogsgeschichte  des  Lebermoosantheridittins,  in  Sitznngsberichte  der  Wiener  Akademie, 
Ixxxri  (1883);  Donglai  Campbell,  The  Structure  and  Development  of  the  Mosses  and  Ferns, 
London,  1895.    In  this  book  the  older  literature  is  cited. 
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^3 


1.  Construction  by  formation  of  transverse  disks  which  is  characteristic  of  the 
club-shaped  antheridia  in  Riccieae  and  Marchantieae  and  of  those  of  Monoclea. 

This  is  the  more  primitive  type,  inasmuch  as  a  separation  of  the  wall  from  the 
inner  cells  of  the  antheridium  takes  place  at  a  late  period.  Many  tiers  of  cells 
arise,  the  lowermost  of  which  goes  to  form  the  stalk  (Fig.  4,  /,  //),  and  each  tier 
becomes  divided  into  quadrants  and  then  the  separation  of  the  wall  from  the  inner 
cells  appears.  We  do  not  know  what  is  the  significance  of  the  beak-like  prolongation 
which  is  found  in  the  antheridium  of  Corsinia. 

2.  Construction  through  growth  in  every  direction  as  it  is  seen  in  the  spherical 
antheridia  of  Jungermanniaceae  and  Anthoceroteae. 

Sphaerocarpus  may  be  first  mentioned  as  it  shows  a  transition  from  the  first  to 
the  second  type  (Fig.  5,  i,  2).  The  mother-cell  of  the  antheridium  which  has  become 
dub-like  in  form  is  divided  by  three  cross-walls  (i,  2,  3  in  Fig.  5,  i,  2) ;  the  lowermost 
cell  forms  the  stalk,  the  next  lowest  forms  the  under  portion  of  the  wall,  the  upper  two 


Pig.  5.  I  to  3,  diacnuns  ilfautimtive  of  the  cell-diviaioo  in  the  formatloa  of  the  antheridium  of  Hepaticae. 
I  and  1,  Spliaerocar|Nis  terrestria.  3,  view  from  above  of  the  apex  of  a  yoong  antheridium  of  one  of  the  Jnnger- 
raanataoeae.  4,  diagrammatic  representation  of  an  antheridium  of  an  acrogynout  Tungermannia  in  longitudmal 
•ectioB.  c  Blyttia  LyellL  OH  from  the  wall  of  an  opened  antheridium.  The  side  which  is  now  concave  was 
oripaally  tae  convex  outer  side.    Highly  magnified. 

cells  divide  into  quadrants  and  make  the  body  of  the  antheridium.  In  the  other 
Jungermanniaceae  the  body  of  the  antheridium  usually  is  derived  from  one  transverse 
disk.  This  commonly  divides  by  a  first  longitudinal  wall  (i  in  Fig.  5,  3)  into  halves; 
two  longitudinal  walls  (2,  3  in  Fig.  5,  3)  then  cut  this  obliquely;  and  the  manner  in 
which  the  inner  space  is  formed  is  shown  in  Figure  5,  3.  We  do  not  know  the 
reason  for  this  remarkable  deviation^  from  the  customary  formation  of  quadrants, 
but  it  is  not  quite  constant,  and  Leitgeb*  found  the  normal  formation  of  quadrants 
in  the  antheridium  of  Scapanieae. 

{b)  Mnsoi.  The  cellular  construction  of  the  antheridia  appears  to  be  fairly 
uniform  in  this  class  so  far  as  we  as  yet  know  \  and  the  body  of  the  antheridium  is 
built  up  through  the  formation  of  a  two-sided  apical  cell  The  divisions  through 
which  the  separation  of  the  cells  of  the  wall  and  the  inner  cells  comes  about 
correspond  with  those  of  the  antheridium  in  Jungermanniaceae  (Fig.  5,  3).  In 
many  forms  the  antheridium  has  a  stalk  which  is  a  short  cell-row  in  Nanomitrium 


'  It  is  also  fomd  in  the  antheridiom  of  Mosci. 

*  Leitgeb,  Untenachimgen  iiber  die  Lebermoofe,  Graz,  ii  (1875),  p.  43. 

*  For  an  account  of  the  divergent  type  of  Sphagnmn  see  Leitgeb,  Wachstnm  des  Stammchens  nnd 
Eotwiddnng  der  Antheridien  bd  Spht^um,  in  Sitzungsberichte  der  Wiener  Akademie,  lix,  i  (1869). 
In  my  view  the  case  of  Sphagnum  requires  further  investigation.  Its  mature  antheridium  belongs 
to  the  type  of  the  Hepaticae. 
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and  other  Phascaceae  but  a  very  long  one  in  Buxbaumia  (Fig.  105);  in  others  the 
stalk  is  a  short  cell-mass. 

2.     THE  ARCHEGONIUM. 

I.  Structure  and  Position.  The  form  of  the  archegomum  is  every- 
where uniform  in  so  far  as  it  consists  of  a  neck  which  provides  the  path  for 
the  spermatozoids  attracted  by  a  substance  exuded  from  its  open  mouth, 
and  of  a  venter  which   contains  the  egg  (Fig.  6).     The  Anthoceroteae 

(Fig.  83,  i)  differ  from  all 
other  Bryophyta  in  having 
their  archegonia  sunk  in  the 
thallus,  and  this  of  course  in- 
volves a  modification  in  the 
history  of  their  development 
which  in  Anthoceros  itself  ap- 
proaches in  some  measure  the 
type  of  development  which  is 
exhibited  by  the  Pteridophyta. 
The  'free'  archegonia  of 
the  other  Bryophyta  have 
either  no  stalk  as  in  Riccia  or 
a  stalk  (Fig.  2)  which  may  be 
short  or  long  and  is  longest  in 
some  Musci.  The  stalk,  unlike 
that  of  the  antheridium,  has  not 
merely  the  function  of  bringing 
the  neck  of  the  archegonium 
into  a  favourable  position,  but, 
where  it  is  massive,  is  destined 
to  be  of  use  to  the  embryo, 
and  after  fertilization  has  taken 
place  it  may  grow  to  a  con- 
siderable extent  (see  Fig.  119). 
The  embryo  bores  in  the  first  instance  into  the  stalk  and  may  go  no  further, 
as  in  Nanomitrium  (Fig.  120),  or,  as  in  other  forms,  it  may  penetrate  into 
the  tissue  beyond  the  stalk.  This  subject  will  be  discussed  when  the  rela- 
tionships of  the  embryo  in  Cal)T>ogeia  are  described  ^ 

The  mature  archegonium  possesses  a  neck  traversed  by  a  row  of  cells,  the 
neck-canal-cells  (Fig.  6,  A^  k')  and  a  venter  enclosing  a  central  cell.  This 
central  cell  divides  by  a  transverse  wall  into  an  upper  cell,  the  ventral  canal- 
cell  (Fig.  6,  A^  k'\  and  an  under  cell,  the  egg  (Fig.  6,  A^o)\   these  two 


PlO.  6.  Marchantia  polymorpha.  A^  yoang  arche- 
TOniam.  By  mature  archej^onium.  C,  archegonium  of  which 
the  egg  has  been  fertilized  and  a  plaricellul^  pro-embryo  is 
formed.  A',  neck-canal-cella  already  disorganized  as  a  maci< 
lage ;  k\  ventral  canal>cell ;  o^  vg%  \  /r,  perianth.  Magnified 
540.    After  Strasboi^ger. 


*  See  p.  90. 
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cells  are  often  equal  in  size  but  commonly  the  egg  is  the  larger.  We  do  not 
know  the  significance  of  this  division  or  whether  the  ventral  canal-cell  has 
any  definite  function  such  as  that  of  the  secretion  of  the  attractive  substance 
for  the  spermatozoids.  Hypothetically  we  may  regard  the  ventral  canal- 
cell  as  the  vestige  of  a  second  ^g,  but  we  know  nothing  definitely  about  it, 
yet  its  constant  occurrence  points  to  its  possession  of  a  physiological  r61e. 
The  neck-canal-cells  furnish  the  mucilage  which  fills  the  canal  of  the  neck 
after  the  opening  of  the  archegonium.  Their  protoplasm,  so  far  as  it 
is  not  employed  in  the  formation  of  mucilage,  dies  off,  as  does  that  of  the 
ventral  canal-cell.  I  have  no  doubt  that  the  mucilage  filling  the  canal 
of  the  neck  at  first  protects  the  egg  against  contact  with  water.  This  is 
a  function  which  very  often  attaches  to  mucilage  even  where  it  lies  within 
a  cell-membrane^. 

2,.  Opening  OF  THE  Archegonium.  The  opening  of  the  archegonium 
is  brought  about  by  the  separation  of  the  apical  cells  of  the  neck,  and  perhaps 
processes  similar  to  those  observed  in  the  case  of  the  antheridium  occur 
here  also. 


Pig.  7-  Scheme  of  the  derelopment  of  the  archegroniam  of  the  Hepaticae.  i.  3,  and  4  in  lonptadinal  aection. 
2,  from  the  top.  d^  lid-cell;  «/,  stalk -cell ;  c,  primary  central  cell ;  tne  dotted  line  from  ^  in  3  and  ^  in  4  should 
run  to  the  central  cell  of  the  figure ;  h^  mother-cell  of  the  neck-canal-celb ;  ^  1,  secondary  central  cell  which  divides 
into  Tentral  canal-cell  and  egg. 

3.  Development  of  the  Archegonium.  Passing  now  to  the 
development  of  the  archegonium,  it  may  be  asked  if  this  conforms  in  any 
measure  with  that  of  the  antheridium.  I  have  elsewhere  shown  ^  that  it  is  pos- 
sible to  establish  amongst  the  lower  plants  homologies  in  the  development 
of  the  male  and  the  female  sexual  organs,  but  that  the  higher  the  differentia- 
tion the  more  do  differences  appear  from  the  beginning  in  the  construction  of 
the  two  kinds  of  sexual  oi^ans.  In  the  Bryophyta  such  differences  exist,  but 
they  do  not  make  impossible  the  occasional  occurrence  of  malformations  ^ 
which  are  half  archegonia,  half  antheridia ;  even  as  amongst  the  Spermo- 


*  Goebel,  Pflanzeobiologiscbe  Schildenmgen,  ii  (1893),  p.  333.  See  also  Schilling,  Anatomisch- 
biolqgxsche  Unteisnchnngen  ilber  die  Schleimbildnng  der  Wasserpflanzeo,  in  Flora,  Ixxviii  (1894), 
p.  aSo. 

'  See  Goebel,  Veigleichende  Entwicklimgsgescliichte  der  Pflanzenorgane,  in  Schenk's  Handbuch 
der  Botanik,  iii  (1884),  p.  416. 

*  See  Lindberg,  Ofvergang  af  honorgan  till  hanorgan  hos  en  bladmossa,  in  6fversigt  af  KongL 
Vetenskaps-Akademiens  Forhandlingar,  Stockholm,  1879,  ^o-  5* 
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phyta  the  appearance  of  pollen  has  been  observed  in  ovules  \  The  presence 
of  divisions  like  those  in  the  antheridium  within  the  mother-cell  of  the  arche- 
gonium  in  the  Bryineae  is  not  to  be  considered  as  indicating  a  conformity 
of  the  formation  of  the  archegonium  with  that  of  the  antheridium,  because 
they  have  nothing  to  do  with  the  construction  of  the  special  body  of  the 
archegonium  but  only  with  that  of  its  stalk  *. 

How  far  the  development  of  the  archegonium  '  is  alike  in  the  two  series 
of  the  Bryoph)^a  and  within  each  series  is  a  matter  in  regard  to  which  at 
present  there  is  no  agreement  amongst  observers, 

{a)  Hepatioae.  The  following  is  the  scheme 
of  development.  The  archegonium  takes  origin  from 
a  single  cell  here  as  everywhere  else.  This  divides 
into  a  lower  cell  (Fig.  ?,  i,  j/)  which  limits  the  arche- 
gonium below  by  forming  the  usually  short  stalk,  and 
an  upper  cell.  The  upper  cell  divides  by  three 
longitudinal  walls  (Fig.  7,  2)  into  a  central  cell 
and  three  peripheral  cells;  the  central  cell  then 
divides  by  a  transverse  wall  into  the  lid-cell  (Fig.  7, 
3,<f),  and  the  primary  central  cell  (Fig.  7,  3,  c).  The 
primary  central  cell  next  divides  by  a  transverse  wall 
into  two  cells  (Fig.  7,  4,  h,  c^.  The  cell  h  is  the 
mother-cell  of  the  neck-canal-cells  and  forms  them  by  re- 
peated transverse  divisions.  The  cell  c^  is  the  secondary 
central  cell  and  divides  into  the  ventral  canal-cell  and 
the  t%^.  The  peripheral  cells  form  the  neck,  the 
lid-cell  d  repeatedly  dividing  ^  In  the  Anthoceroteae 
the  general  scheme  is  the  same,  but  the  mother-cell 
is  sunk  in  the  tissue  and  the  mother-cell  of  the  neck 
is  cut  off  from  the  lid-cell  d;  this  cell  d  has  therefore 
no  further  share  in  the  construction  of  the  neck  be- 
cause this  does  not  reach  above  the  surface,  but  it 
divides  by  tranverse  walls  into  four  cells  lying  in  one 
plane  which  separate  from  one  another  at  a  later 
period. 


Fig.  8.  Mniam  undalatom.  De- 
velopment of  the  archegrontiun.  ///, 
///.  IV^  ahow  sacceisive  stages.  The 
arcWoninm,  A,  begins  to  be  laid 
down  in  //.  dy  lid-cell ;  4/.  stalk,  not 
shown  in  IV \  >  in  7F,  the  Iid<ell 
which  acu  as  an  apical  ceU. 


^  Compare  the  case  of  B^onU :  Goebel,  Beitrige  tax  Kenntnisi  gefiiUter  Bliiten,  in  Pringiheim's 
Jahrbucher,  xvii  (1886),  p.  346. 

*  Since  this  was  written  I  have  come  to  the  condosion  that  the  homology  between  the  construction 
of  the  sexual  organs  in  Musci  can  be  traced  to  their  inception  and  that  the  archegonium  corresponds 
to  one  half  of  the  antheridium.  See  Goebel,  Ober  Homologien  in  der  Entwicklung  miinnlicher 
nnd  weiblicher  Geschlechtsorgane,  in  Flora,  zc  (1902),  p.  395. 

*  See  Janczewski,  Vergleichende  Untersuchungen  iiber  die  Entwicklungsgeschichte  des  Arche- 
goniums,  in  Botanische  Zeitung,  zxz  (1873),  p.  377 ;  Douglas  Campbell,  The  Structure  and 
Development  of  Mosses  and  Ferns,  London,  1895 ;  Gayet,  Recherches  snr  le  d^eloppement  de 
I'aich^gone  chez  les  Musdn^  in  Annales  des  sciences  naturelles,  s^.  8,  iii  (1897),  p.  161,  where 
details  regarding  the  number  of  canal-cells  and  so  forth  are  given. 

*  Notwithstanding  Janczewski*s  statement  to  the  contrary.    See  Gayet,  op.  dt. 


Digitized  by 


Goo^^ 


THE  ARCHEGONIUM  17 

{b)  MuBoL  According  to  the  statements  of  Janczewski,  Kiihn,  and 
Campbell,  the  development  of  the  archegonium  of  Musci  differs  from  that  of  the 
Hepaticae  chiefly  in  this,  that  the  neck-canal-cells  do  not  arise  by  the  division  of 
one  mother-cell  but  are  produced  in  part  by  a  peculiar  growth  of  the  lid-cell. 
This  lid-cell  acts  as  an  apical  cell  (Fig.  8,  /F,  •*")  and  furnishes  segments  having 
walls  parallel  respectively  with  the  axis  and  the  base  of  the  archegonium,  the  outer  cells 
thus  formed  become  cells  of  the  wall  of  the  neck,  the  inner  ones  become  neck-canal- 
cells.  Gayet  contradicts  this.  According  to  him  the  course  of  the  development 
is  in  essentials  like  that  of  the  Hepaticae,  that  is  to  say,  the  lid-cell  forms  new  cells 
of  the  wall  of  the  neck  but  no  internal  segments.  From  my  examination  of  Mnium 
undulatum  (Fig.  8)  I  cannot  confirm  what  Gayet  says:  I  find  in  this  plant 
confirmation  throughout  of  the  statements  of  Janczewski  and  others,  and  that  the 
archegonium  of  the  Musci  is  distinguished  fi'om  that  of  the  Hepaticae  by  its  peculiar 
apical  growth  (Fig.  8,  /F,  '*').  The  stalk  of  the  archegonium  of  Mnium  undulatum 
which  I  select  as  an  example  is  very  strongly  developed.  It  is  furnished  with  plastic 
material  which  the  young  embryo  uses  up,  and  it  contains  also  a  definite  nutritive 
tissue  for  the  embryo,  which  after  fertilization  increases  in  amount;  this  feature 
which  appears  to  have  been  hitherto  overlooked  corresponds  to  what  we  find  in  the 
development  of  the  seeds  in  the  Spermophyta.  The  primordium  of  the  stalk 
precedes  that  of  the  body  of  the  archegonium.  In  figure  8,  /,  the  primordium 
of  the  stalk  growing  by  means  of  a  two-sided  apical  cell  is  alone  visible.  Out  of  its 
terminal  cell  the  primordium  of  the  body  of  the  archegonium  proceeds  (Fig.  8, 
//,  A\  and  this  increases  by  apical  growth  in  the  way  described. 

From  what  I  have  said  it  will  be  seen  that  the  relationships  in  the 
process  of  cell-construction,  as  well  as  those  of  the  mature  structure  of  the 
sexual  organs,  are  characteristic  of  the  large  group  of  the  Bryoph)^a.  They 
have  *  varied '  less  than  has  been  the  case  in  the  vegetative  organs. 
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I 

VEGETATIVE   ORGANS   OF   HEPATICAE 
1.     RELATIONSHIPS  OF  SYMMETRY. 

The  statement  made  above  ^  regarding  the  great  variety  of  the  forma- 
tion of  v^etative  oi^ns  in  the  Bryophyta  requires  qualification  in  so  far  as 
the  relationships  of  symmetry  are  concerned.  Amongst  Musci  radial  and 
dorsiventral  forms  of  different  construction  are  found  ^,  but  amongst  the 
Hepaticae  the  dorsiventral  type,  and  in  association  therewith  plagiotropous 
growth,  predominates,  and  the  vegetative  body  either  clings  to  the  sub- 
stratum *  or  grows  up  obliquely  from  it.  The  group  of  Calobryaceae,  which 
includes  Calobryum  and  Haplomitrium,  is  however  orthotropous ;  and  so 
also  are  the  sexual  shoots  of  some  forms  and  the  shoots  bearing  gemmae. 
Some  species  of  the  remarkable  genus  Riella  are  also  orthotropous^  but  they 
have  only  an  apparently  radial  thallus ;  in  reality  the  thallus  is  a  modifica- 
tion of  the  dorsiventral  ^.  The  species  of  Riella  possess  a  many-layered 
axis  bearing  a  unilateral  *wing'.  In  some,  for  example  Riella  gallica, 
the  axis  lies  upon  the  substratum,  fastened  to  it  by  rhizoids  on  its  under 
side.  Such  species  diverge  from  the  ordinary  forms  of  Hepaticae  merely 
in  having  the  wing  developed  in  a  profile  position,  and  this  is  also  the  case 
if  the  plant  is  fastened  only  at  its  base.  In  those  species  of  Riella  which 
grow  erect  the  wing  is  arranged  like  a  spiral  stair  round  the  axis.  Its 
origin  is  always  unilateral  and  the  subsequent  configuration  may  be  attained 
to  in  one  of  two  ways,— either  the  wing  grows  more  in  length  than  the 
thickened  axis  of  the  thallus,  or  a  torsion  of  the  whole  vegetative  body 
takes  place.  In  the  cases  which  I  have  investigated  I  have  only  met  with 
the  first  of  these,  the  thallus  having  a  more  or  less  strong  undulatioft 


*  See  p.  15.  *  See  Part  I,  p.  100. 

'  The  pUgiotropoos  growth  of  most  Hepaticae  is  connected,  in  my  opinion,  with  their  rooting. 
Their  nnicellnlar— usually  very  short — rhizoids  cannot  serve  so  well  as  anchoring  organs  and  as 
absorption  organs  as  the  much  longer  usually  pluricellular  rhizoids  of  the  Musci ;  therefore  they 
make  any  great  extension  from  the  substratum  disadvantageous.  From  this  point  of  view  the 
possessioQ  by  the  only  radial  Hepaticae,  the  Calobryaceae,  of  root-shoots  instead  of  rhizoids  is 
no  accidental  circumstance. 

*  See  Part  I,  p.  87  and  Fig.  41. 
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(Fig.  9),  and  Trabut^  also  who  examined  many  living  plants  found  the 
same  in  them.  On  the  other  hand  Leitgeb  ^,  as  the  result  of  his  study  of 
dried  specimens,  describes  a  torsion  extending  over  the  wingless  basal  portion 
of  the  axis,  the  surface  of  which  he  compares  with  a  strongly  twisted  cord. 
Probably  both  undulation  and  torsion  occur.  At  any  rate  both  states  have 
the  same  significance  in  biological  relationship — ^they  place  the  wing  not 


Pig.  g^    Riella  Claaaonts.    Upon  one  side  of  the  axis  is  Fio.  la   I,  Riella  Batt&ndieri.    Upper  part  of 

aeea  tbe  winding  wit^  in  whidi  the  antheridia  are  sank.  If  plantlet  in  profile.  At  (^  a  pit  in  the  wing  in  which 
Cfaeae  are  not  developed  the  wing  is  more  prominent.  Upon  the  a  now  emptied  antheridiom  sat.  At  9  i^n  arche- 
aader  side  large  scales  containing  chlorophyll  (leaves)  are  gonium  snrronnded  by  an  envelope,  v,  vegetative 
seen,  winch  are  larger  in  the  figure  than  the  wing.  Magnified.       point.    11.  scheme  of  Kiella.    iii,  scheme  of  one  of 

the  Marchantiaceae ;  the  thallos  seen  in  transverse 

section.    Magnified. 

vertically,  but  transversely  or  obliquely  to  the  light  falling  upon  it  from 
above*  We  may  find  an  explanation  of  the  whole  process  of  the  formation 
of  the  wing  in  the  fact  that  submerged  water-plants  are  sensitive  to 
light  of  strong  intensity,  and  in  the  case  of  small  creeping  forms,  or  even 
of  those  growing  erect  in   shallow  water,  injury  from  the   light  would 

*  Tiabnt,  R^yision  des  esp^ces  du  genre  Riella,  in  Revne  de  botanique,  iii  (1891),  p.  433. 

•  Leitgeb,  Untersachnngen  iiber  die  Lebermoose,  Graz,  iv  (1879),  p.  75. 
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be  obviated  by  the  development  of  the  wing  in  the  vertical  plane. 
Larger  forms  of  Riella  are  able  to  grow  up  in  deeper  water  \  and  they  live 
therefore  in  subdued  light  which  they  can  use  better  by  the  oblique  position 
of  the  wing,  and  this  is  attained  by  undulation  or  torsion.  Leitgeb's  con- 
jecture that  the  germ-plants  wind  round  a  support  after  the  manner  of 
a  twining  plant  appears  to  be  extremely  improbable,  because  the  undulation 
of  the  wing  or  the  torsion  of  the  whole  plant  is  connected  in  my  opinion 
with  the  relationship  to  light  and  not  with  the  fixation  of  the  plant. 

In  other  thallose  He- 
'  paticae  the  *wing'  of  the 

thallus  is  spread  out  flat 
(see  the  scheme  in  Fig.  lo, 
III).  The  central  axis  of 
the  thallus  is  usually  the 
thickest,  and  it  serves  as  a 
place  of  storage  of  material 
as  well  as  for  its  conduction; 
and  it  also  acts  mechani- 
cally as  a  *  rib,'  which  is  par- 
ticularly prominent  in  forms 
which  possess  a  wing  con- 
sisting of  one  layer  of  cells ; 
Metzgeria  and  Blyttia  for 
example.  The  thallus  of 
Metzgeria  and  Aneura  is  a 

Fig.  II.     Met«g«ria  furcata.    Apical  region  of  the  thallus  teen  simple     CCll-SUrfaCC     in     the 

from  above;  /,  the  apical  cell;  i-'to  *"',  mcceasiTe  segmenu;   i,  s\  :„„otii1^   nr\nAii-if\n  •     fVi#»    riK 

portion  of  ailment  P»  devoted  to  the  formation  of  the  midrib ;«' to  JUVeUUe   COndltlOn  ,     tne    HD 

ii«//i  marginal  cells  of  successive  grades;  A  «uface>ceU  of  first  grade;  ^-l--     ^•-.•^oofo      of      o       A^^-^f 

C  mttcilage-hairs  upon  the  und«S  side  of  the  thallus.    After  ^trasl  OUly     appears     at     a      later 

burger'.    Magnifieas40.  p^rf^^  ^^j   j^   AneUra   it   is 

not  sharply  marked  off  from  the  wing.  The  wing  makes  an  indentation 
at  the  apex  of  the  thallus  in  which  the  vegetative  point  lies. 


2.     VEGETATIVE  POINT  AND  ARRANGEMENT  OF  CELLS. 

The  arrangement  of  the  cells  at  the  vegetative  point  has  been  the 
subject  of  numerous  and  thorough  investigations ;  but  few  facts  of  importance 
from  the  point  of  view  of  the  organography  of  the  Hepaticae  have  resulted 
from  these,  and  therefore  they  do  not  require  to  be  spoken  of  here  in 
any  detail. 

The  v^etative  point  of  most  Hepaticae  possesses  a  distinct  apical  cell  which  has 
been  recognized  by  Leitgeb  and  others  even  in  cases  where  the  apex  is  occupied  by 


'  Montagne  says  that  Riella  helicophyUa  grows  at  a  depth  of  seven  decimeters. 
*  Strasborger,  Das  botanische  Practicam,  Jena,  1884,  Fig.  11  a. 
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a  number  of  cells  like  one  another  in  form.  In  such  cases,  for  example  in  Anthoceros, 
Blasia,  Riccia,  the  apical  cell  cannot  well  be  distinguished  from  its  segments,  and 
one  might  speak  of  an  apical  angle. 

The  configuration  of  the  apical  ceU  appears  to  be  constant  at  corresponding 
stages  of  development  within  one  genus  usually  and  even  within  larger  groups. 
Thus  the  Aneureae  including  Aneiu^  Metzgeria  (Fig.  11),  and  Hjrmenophytum 
possess  a  two-sided  wedge-shaped  apical  cell.  But  it  may  change  even  within  one 
gemis  *  and  in  the  course  of  development  in  one  plant.  It  is,  for  example,  two-sided 
and  wedge-shaped  in  the  germ-plants  of  Preissia  and  Marchantia  polymorpha,  but 
it  is  four-sided  and  p3n^midal  in  the  mature  plant.  The 
interest  of  this  lies  in  this, — it  shows  that  the  form  of 
the  apical  cell  stands  in  relation  to  the  whole  vege- 
tative body.  Forms  of  thallus  which  are  thin  cell-surfaces, 
as  in  Metzgeria  where  the  midrib  alone  has  many  layers 
and  in  the  germ-plants  of  Marchantia,  have  a  two-sided 
apical  cell  which  gives  off  segments  only  to  the  right  and  to 
the  left  Those,  on  the  other  hand,  which  have  a  massive  p,Q  „  j^j^^^  nuiuns. 
construction  throughout  have  a  four-sided  or  a  three-sided  So^hlio^ubSSriSSlSn 
pyramidal  apical  cell,  which  from  the  beginning  gives  off  LdiA*°^****  Natural  use. 
segments  above  and  below  also.  Other  Actors,  however, 
have  also  an  influence.  We  find,  for  example,  that  Aneura  pinguis  with  a  thick 
tfaallus  has  a  two-sided  apical  cell,  and  Cyathodium  with  its  very  thin  thallus  has  an 
apical  cell  like  Marchantia*.  It  is  evident  then  that  the  factor  of  affinity  operates 
also. 

3.     DIFFERENTIATION  OF  ORGANS. 

A.    BRANCHING. 

The  branching  of  the  thallus  takes  place  partly  in  the  plane  of  its 
flattening,  partly  upon  its  under  side.  The  latter  is  predominant  in 
Hymenophytum  and  many  others ;  but  it  is  rare  elsewhere,  for  instance  in 
the  Marchantieae,  and  in  Metzgeria  it  is  limited  to  the  sexual  shoots, 
whilst  in  Pellia  and  many  others  it  is  wanting  altogether  \ 

Twigs  which  are  not  ventral  always  proceed  from  a  new  apical  cell  laid  down  in 
the  vicinity  of  the  old  one.  An  actual  bipartition  of  the  apical  cell  so  as  to  produce 
a  forking  such  as  the  mature  condition  would  suggest  does  not  take  place  (see 
Fig.  15).  It  is  characteristic  of  the  branching  that  a  'middle  lobe'  shoots  out 
between  the  two  new  apices  and  is  the  common  basis  for  the  wings  of  the  two 
separating  lateral  shoots  (Fig.  14). 


*  Pdlia  epiphylla  difiEiers  £rom  P.  calycina  and  Blyttia  Lyallii  from  B.  dedpiens  in  this  respect. 
See  Leitgeb,  Untenachnngen  iiber  die  Lebennoose,  iii  (1875),  pp.  54,  80;  Farmer,  Studies  in 
Hepadcae :  On  Pallavidnia  dedpiens,  Mitt,  in  Annals  of  Botany,  viii  (1894),  p.  40. 

*  According  to  Leitgeb's  figure. 

'  I  ha^e  00  the  other  hand  met  with  ventral  shoots  in  Anenra.  Why  these  should  be  so  con- 
spkuoBs  in  some  forms  it  is  difficult  to  explain  at  present,  but  it  is  easy  to  see  that  dorsal  shoots 
would  be  most  disadnmtageous. 
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The  relationship  between  the  configuration  of  the  thallus  and  the  kind 
and  method  of  construction  of  the  several  branchings  Ls  of  some  interest.    In 


Pig.  13.  Hyraenoph>'ta]xi  Phyllanthos.  The  plant  seen  from  below.  The  thallus  has  a  midrib  and  is  gfrown  out 
at  the  point  into  a  stolon-like  process.  It  bears  five  ventral  shoots,  and  there  is  the  primordiam  of  a  sixth  at  the 
ri^ht  side  of  the  lower  part  of  the  fiji^ure.  Two  of  the  shoots  which  remain  very  short  are  female  sexual  shoots,  the 
one  on  the  left  has  developed  a  sporogonium.  i?,  mai^gin  of  the  sexual  ^oot ;  y,  perichaetium ;  S^  perianth. 
Magnified  5. 

the  first  place,  it  may  be  noted  that  in  many  thallose  Hepaticae  the 
formation  of  the  wing  on  the  thallus  may  be  suppressed  over  a  portion  of  its 
extent.     This  is  seen  at  the  base  of  lateral  shoots,  and  also  at  the  point  of 


Fig.  14.    Anthoceros  fimbriatus.    Surface  view  of  the  dividing  apical  region.     There  are  many  vegetative 
points,  .S^between  which  are  the  middle  lobes  which  later  grow  out  mto  crested  structures.    Highly  magnified. 

shoots  of  first  order  in  Hymenophytum  (Fig.  13),  in  Blyttia,  and  others.     It 
also  occurs  in  etiolated  shoots  of  other  Hepaticae  through  the  absence 


Digitized  by 


Goo^^ 


BRANCHING 


23 


of  light,  but  here  it  belongs  to  the  normal  course  of  development,  inasmuch  as 
the  shoots  which  spring  from  the  ventral  side  of  the  thallus  are  those  which 
are  at  first  wingless  in  correspondence  with  the  fact  that  in  their  first  develop- 
mental stages  they  obtain  very  little  light.  We  observe  then  on  these  shoots 
a  division  of  labour ;  the  wingless  portion  serves  to  bring  the  assimilating 
portion  into  the  light.  A  sharper  division  of  labour  occurs  when  the  wingless 
portion  serves  also  as  an  anchoring  organ  and  as  the  absorber  of  nutriment 
from  the  soil,  and  thus  in  a  measure  corresponds  with  the  root  of  higher 
plants.  The  assimilation-shoot  has  then  no  hair-roots ;  it  raises  itself  above 
the  substratum.  If  we  imagine  the  wingless,  apparently  cylindric,  but 
often  somewhat  flattened,  portion  to  bore  into  the  soil,  and  the  winged 


Fig.  IX.  Metigeria  farcata.  Branching;  f^  old 
apical  cell :  /^  new  apical  cell ;  «»*,  m'",  marginal  cells 
of  first  and  second  grade ;  p^  smface^ell  of  first  grade ; 
c,  mocilage-liainL  After  Strasbnrger  ^  Magnified  540. 


Pig.  16.  Symphyogyna  sinaata,  or  an  allied  form 
from  Martinique.  The  thallns  has  Ieaf>like  lobes  which 
disappear  in  its  npper  part.  The  growth  is  sympodial. 
The  snccessive  shoot-generations  are  nnrobered  I,  II, 
III,  IV,  V;  each  begins  with  a  stallc-like  portion  in  the 
sabstratnm,  and  gradually  expands  into  the  lobed 
portion  above  the  sabstratnm.    Magnified  3. 


portion  to  raise  itself  above  that  and  to  be  endowed  with  limited  growth, 
we  obtain  a  form  of  thallus  which  occurs  with  a  varying  degree  of  limitation 
in  the  cycle  of  affinity  of  Blyttia,  Symphyogyna,  and  others.  Fig.  i6  is  an 
illustration  of  Symphyogyna  sinuata  in  which  the  winged  lobed  thallus 
appears  ^  In  it  the  willed  shoots  can  again  decrease  at  the  apex  and 
become  stolons,  but  usually  they  conclude  their  growth  after  reaching 
a  definite  medium  size,  and  then  at  their  base  they  form  a  ventral  lateral 
^oot  which  as  a  stolon  continues  the  growth,  subsequently  rises  above  the 
substratum,  broadens  out,  and  then  again  forms  a  ventral  shoot,  and  so  on. 
In  F^.  16  there  is  a  chain  of  five  such  generations,  forming  a  sympodial 

^  Strasbnrger,  Das  botanische  Practicnm,  Jena,  1884,  Fig.  113. 

*  See  what  is  said  afterwards  npon  the  transition  to  the  formation  of  leaves,  p.  37. 
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rhizome  upon  which  assimilation-shoots  stand  as  apparently  lateral  structures. 
In  foliose  forms  we  find  exactly  similar  features,  and  the  behaviour  is 
biolc^cally  the  same  as  that  exhibited  by  the  sympodial  rhizome  of  species 


Fig.  17.  Svmphyo{;yiia  tp.  I  gathered  this  in  1890 
at  Tovar  in  Venesael&.  The  divided,  fan-like  sarface 
of  the  thallus  is  the  continaation  of  the  nearly  cylin- 
dric  portion  on  the  right.  Upon  it  arise  two  ventral 
lateral  shoots  of  which  one,  the  upper,  rises  above  the 
substratum,  bcconses  flattened,  ana  has  b^;an  to  fork. 
Magnified  a. 


PiQ.  18.  Blyttia  dedpiens.  I  gathered  this  in 
188^  at  Nnwara  Blyia  in  Ceylon.  lUostration  of 
the  habit  of  a  male  plant  with  two  cylindric  ventral 
lateral  shoots.    Magnified  2. 


FlQ.  19.  Hjrmenophytnm  flabellatam.  Seen 
frotn  the  under  side.  The  plant  on  the  right  of  the 
figure  bears  fructification,  and  a  lateral  shoot  aris- 
ing to  the  left  has  produced  two  small  sexual  shoots 
appearing  as  scales  upon  its  under  side.  Mag- 
nified 2. 


Digitized  by 


Goo^^ 


BRANCHING  25 

of  Polygonatum.  If  the  assimilation-shoots,  which  here  have  limited 
growth,  possessed  a  leaf-like  habit,  and  this  would  be  more  marked  if  they 
branched  by  repeated  forkings,  we  should  have  structures  like  the  leaves  of 
many  ferns  ^ ;  and,  indeed,  from  the  point  of  view  of  their  function,  they 
would  be  exactly  the  leaves  of  a  small  Hymenophyllum.  It  is  of  special 
interest  to  note  that  in  no  fewer  than  three  genera  do  we  find  this  form  of 
the  v^etative  body — namely,  in  Symphyogyna  (Fig.  17),  Blyttia  (Fig.  18), 
and  Hymenophytum  (Fig.  19).  They  are,  it  is  true,  allied,  but  each  of  them 
begins  as  a  creeping,  simple  thallose  form,  and  independently  of  the  others 
attains  the  configuration— shall  we  call  it  hymenophylloid  ? — depicted  above. 
The  figures  will  show  how  nearly  these 
parallel  forms  correspond  outwardly 
with  one  another,  and  we  can  only 
obtain  evidence  enabling  us  to  say  to 
which  genus  any  individual  plant  be- 
longs by  an  examination  of  the  arrange- 
ment of  the  sexual  organs. 


Fic  aow  Aneora  bogotensis.  From  the 
rhoome  indicated  by  dotted  ahacfing  the  forked 
thallBs-brmnchet  faiaTe  shot  op.  Magnified 
niaay  times. 


Fig.  a  I.  Aneura  eriocaalis.  Habit  of  the 
plant  At  the  base  'roots.*  The  chief  axis 
has  been  broken  oflf  above.    Magnified  5. 


In  the  genus  Aneura  there  are  many  gradations  up  to  the  division  of 
labour  of  the  species  with  richly  branched  thallus.  There  are  species  like 
A.  pinguis  in  which  all  the  vegetative  shoots  behave  alike  ^,  but  it  is  different 
especially  in  epiphytic  species,  amongst  which  is  Aneura  bogotensis. 
A  portion  of  a  *  stolon'  of  this  plant  is  represented  in  Fig.  20.  Its  vegetative 
body  shows  two  parts — the  one  indicated  in  the  figure  by  dotted  shading 
lies  on  the  substratum  as  a  creeping  rhizome  which  is  not  sympodial,  the 


'  See  Fjirmer,  Studies  in  Hepaticae :   On  PalUvicinia  dedpiens,  Mitt.,  in  Annals  of  Botany,  viii 
'  Those  which  bear  the  sexual  organs  we  leave  out  of  consideration  here. 
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other  consists  of  a  number  of  dichotomously  branched  members  which 
spring  as  lateral  shoots  from  the  creeping  axis,  and  in  a  measure  perform 
the  function  of  leaves.  In  Aneura  (Pseudoneura)  eriocaulis  (Fig.  ai)  we 
find  a  much  higher  division  of  labour.  Its  chief  axis  is  differently  con- 
structed from  the  lateral  axes,  especially  the  terminal  branchings  of  these, 
here  of  the  third  order.  These  terminal  branches  have  limited  growth,  are 
organs  of  assimilation,  although  some  of  them  also  bear  reproductive  organs, 
and  in  correspondence  with  their  function  they  are  thin  plates  thickened  only 
in  their  middle  portion.  The  chief  axis,  on  the  other  hand,  whose  function  is 
partly  a  mechanical  one,  partly  that  of  conveying  nourishment  ^  has  almost 
a  cylindric  outline  on  cross-section,  although  there  is  a  slight  flattening 
visible  upon  the  upper  and  the  under  sides  \    Whereas  in  Aneura  hymeno- 

phylloides  (Fig.  47)  and  A. 
fucoides  stronger  mechanical 
claims  are  made  upon  the 
chief  axis  than  upon  the 
lateral  axes,  more  of  its  cells 
exhibit  thickened  walls  (Fig. 
aa),  and  the  difference  be- 
tween the  two  axes  is  there- 
fore greater.  In  other  words, 
starting  from  a  thallus  with 
throughout  similar  branch- 
ing (Fig.  I  a),  a  progressive 
differentiation  into  stem  and 
leaf  appears,  and  we  are 
able  clearly  to  follow  its 
evolution.  These  species  of 
Aneura  possess  also  '  roots.' 
There  are  forms  which  no  longer  lie  with  the  whole  under-surface  upon  the 
substratum,  but  which  fasten  themselves  to  it  by  means  of  special  anchoring- 
organs  (Figs.  21,  23).     These  anchoring  organs  are  distinguished  from  the 


Pig.  aa.  Aneora  fucoidfs.  Upper  figrare;  chief  shoot  in 
transx'erie  section.  Lower  figure;  lateral  shoot  in  transveiBe 
section.     Highly  magnified. 


*  See  Part  I,  p.  34. 

'  The  differences  between  the  chief  and  lateral  shoots  in  the  species  of  Aneura  are  brought  about 
through  the  suppression /r^xv  the  first  of  the  formation  of  the  wing  on  the  chief  axis,  and  through 
the  assimilation-shoots  in  the  middle  region  of  the  thallus  undergoing  only  few  divisions.  There  are 
of  course  transitions,  that  is  to  say,  forms  in  which  the  difference  between  the  chief  axis  and  the 
lateral  axis  is  simply  one  of  the  greater  thickness  of  the  former.  Stephani's  statement,  in  Hedwigia, 
xxii  (1895),  p.  13,  that  the  thin  membranous  wing  often  thickens  as  it  gets  older  until  it  becomes 
a  stalk  with  a  cylindric  cross-section  is,  so  far  as  I  have  observed,  an  error.  The  same  author  says 
(Colenso's  New  Zealand  Hepaticae,  in  Journal  of  the  Linnean  Society,  Botany,  xxix  (189a),  p.  264) 
'  in  Aneura  fucoides,  on  the  contrary,  the  thickness  of  the  stem,  similar  to  that  of  our  forest  trees, 
is  continually  increasing  with  advancing  age.'  Regarding  this  I  may  say  that  I  believe  a  secondary 
growth  in  thickness  in  Aneura  fucoides  like  that  of  tree-stems  is  entirely  out  of  the  question,  because 
of  the  thickness  of  the  peripheral  cells. 
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assimilation-shoots  by  their  direction  and  their  configuration.  They  are 
smaller  and  lie  clinging  to  the  substratum.  That  they  are  no  new  forma- 
tions, but  merely  transformations  of  the  lower  branches  of  the  thallus,  is 
proved  by  our  finding  not  infrequently 
an  assimilation-shoot  grown  out  into 
a  *root'  (F^.  23),  and  there  can  be 
no  doubt  that  assimilation-shoots  could 
arise  upon  the  'roots/ although  this  does 
not  usually  happen.  External  influences 
probably  determine  these  changes.  Un- 
fortunately there  has  been  as  yet  no 
experimental  examination  of  these 
forms,  of  which  the  organs  are  not  so 
sharply  limited  from  one  another  as 
they  are  in  the  higher  plants,  and  the 
culture  of  such  plants  in  Botanic  Gar- 
dens would  be  of  great  interest. 

The  higher  differentiation  of  the 
v^etative  body  with  which  we  have 
hitherto  dealt  has  arisen  through 
differences  in  the  construction  of  the  branches  of  the  thallus ;  but  this  is 
not  the  only  path  along  which  the  higher  differentiation  has  been  reached. 
A  second  way  is  that  of  the  appendages  of  the  thallus. 


Fig.  as.  Aneora  fncoidea.  Basal  part  of  a  plant. 
A  lateral  shoot  has  become  transformed  into  an 
anchoring-OT]gan ;  it  lies  in  close  contact  with  the 
surface  of  the  leaf  of  one  of  the  Sperroophyta :  on 
the  branches  below  it  the  apices  have  elongated  into 
'  roots.*     Magnified. 


B.    APPENDAGES. 
1.     Mnoilage-hairs.    Scales. 

We  find  appendages  in  the  lowest  members  of  the  Hepaticae  taking  the 
form  only  of  hair-like  bodies  secreting  mucilage  which  surround  the  vege- 
tative point  and  often  arise  in  definite  order  (sec  Figs.  11, 15),  and  ought  to  be 
considered  as  protective  oi^ns  to  the  v^etative  point  Such  mucilage-hairs 
are  wanting  in  the  Anthoceroteae,  where  the  vegetative  point  is  nevertheless 
always  covered  with  a  thick  pellicle  of  mucilage  because  mtuilage-slits^ 
another  form  of  mucilage-organ,  are  present ;  secretion  of  mucilage  is  absent 
from  the  Riccieae,  from  many  Marchantieae,  and  perhaps  also  from  Riella, 
and  its  absence  in  the  last-mentioned  plant  is  the  more  striking  because 
water-plants  so  commonly  protect  their  young  parts  by  copious  secretion  of 
mucilage  ^.  The  secretion  of  mucilage  by  most  of  the  Hepaticae  which  live 
on  moist  spots  serves  not  only  as  a  means  of  protection  against  drought,  but 


*  At  the  apex  of  the  '  leaves  *  of  Riella  which  will  be  described  later  a  papilla  is  frequently  found 
which  may  perhaps  secrete  mncilage.  Small  papillae  of  unknown  function  are  found  in  various 
places  upon  the  thallus  of  Riella  helicophylUu 
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also  and  specially  against  water.  A  similar  protection,  as  will  be  explained 
presently,  is  given  to  the  growing  sporogonia  by  envelopes  of  different  kinds. 
Mucilage-oi^ans  are  also  found  in  the  foliose  Hepaticae^  in  exceptional 
amount  in  Anomoclada  mucosa  *,  which  is  covered  with  a  thick  envelope  of 
mucilage.  Mucilage-organs  may  appear  also  in  the  thallose  Hepaticae  in 
the  guise  of  simple  papillae.  These  appendicular  organs  of  the  thallus 
deserve  mention  here,  the  more  because  their  biological  significance  has 
hitherto  received  little  notice,  although  the  relationships  between  configura- 
tion and  function  are  extremely  evident.  The  series  of  the  Marchantiaceae, 
of  which  we  shall  presently  speak,  supplies  us  with  instructive  illustrations. 

All  thallose  Jungerman- 
xS  niaceae  and  Marchantieae 

have  at  first  appendicular 
organs  for  the  protection 
of  the  vegetative  point. 
Leitgeb's  statement  that 
they  are  wanting  in  Mo- 
noclea  is  an  error  (see 
Fig.  4,  ///),  the  result  of 
the  examination  of  un- 
favourable material.  In 
Riccia  crystallina^  which, 
according  to  Leitgeb,  pos- 
sesses no  scales,  I  found 
them  as  very  delicate 
structures,  but  perhaps 
there  are  some  forms  of 
this  species  where  the 
scales  are  wanting,  be- 
have overlooked  them 


PlO.  a^    Blasia  posilla.    i.  vegetative  point  in  longitudinal  section ; 
xf,  ainphigastrium  with  macUaffe-papilla,  €\  o^  leaf-uiride  with  oater 


papilla,  /,  as  well  as  inner  papilla,  V;'  ^,  papilla  of  the  upper  side  of  the 
thallus.    II,  similar  section  through  a  younger  amphigastrium.    *    " 


ing  the  same,    iii,  young  leaf-auncle  seen  from  above. 


Letter- 
After  Leitgeb. 


cause  an  observer   like  Leitgeb   would   scarcely 
were  they  present 

JUNGERMANNIACEAE.  Mucilage-papillae  are  of  common  occurrence 
in  this  group.  In  Blyttia  and  Morkia  they  are  upon  both  sides  of  the  thallus, 
in  Metzgeria  only  upon  the  under  side.  They  are  simple  and  club-shaped  in 
Metzgeria  and  Aneura,  or  the  mucilage-secreting  cell  stands  at  the  end  of  a 
cell-row  as  in  Morkia  (Fig.  25,  l),  and  this  gives  us  a  transition  to  the  scales. 
These  mucilage-organs  arise  in  a  definite  order,  for  example,  in  Metzgeria. 

Blasia.  The  relationships  in  Blasia  are  somewhat  peculiar  and  com- 
plex.    Besides  the  lateral  leaves  ^  which  are  inserted  horizontally  we  find — 


'  See  Spnice,  Hepaticae  amazonicae  et  andioae,  in  Transactions  of  the  Botanical  Society  of 
Edinburgh,  xv  (1884),  p.  407. 

'  I  am  indebted  to  Dr.  Lerier  of  Florence  for  the  specimens  of  this  species  as  well  as  of  many 
other  interesting  Hepaticae.  '  See  p.  57. 


Digitized  by 


Goo^^ 


APPENDAGES  OF  THE  THALLUS.  MUCILAGE^HAIRS.  SCALES    29 

1.  Mucilage-hairs  \  simple  papillae  springing  out  of  the  upper  and  the 
under  side  of  the  thallus  (Fig.  24, 1,  06). 

2.  Amphigasiria\  scales  containing  chlorophyll  and  standing  upon 
the  under  side  of  the  thallus  with  their  under  edge  growing  downwards 
beyond  the  point  of  insertion  (Fig.  24,  i,  «)  ;  also  half-shield-like  scales 
which  are  arranged  in  two  longitudinal  rows  in  such  a  manner  that  usually 
an  amphigastrium  corresponds  to  one  lateral  scale.  Each  amphigastrium 
bears  also  originally  at  its  apex  a  mucilage-papilla  (Fig.  24,  i>  e)y  which  is 
displaced  subsequently  to  one  side,  as  it  is  in  many  Marchantiaceae. 

3.  Leaf-auricles :  spherical  bodies  (Fig.  24,  III)  formed  by  the  incurving 
of  a  cell-siuface  rising  above  the  surface  of  the  thallus  and  then  coming 
into  contact  again  with  it  (Fig.  24,  I,  o).  They  are  usually  infested  by 
a  nostoc.  They  form  mucilage,  having  in  their  interior  a  mucilage-papilla 
(Fig.  24,  I,  f),  and  another  near  the  aperture  leading  into  their  cavity 
(Fig.  24, 1,/). 

One  might  describe  the  development  of  these  different  appendicular 
CH-gans  of  Blasia  by  saying  that  they  all  proceed  from  mucilage-hairs.  The 
scales  would  arise  by  the  supporting  cells  of  definite  mucilage-papillae 
growing  out  and  thus  bringing  these  still  nearer  to  the  apex  of  the  thallus, 
as  happens  also  in  Sphaerocarpus,  Morkia  and  others  where  the  mucilage- 
papillae  are  borne  upon  cell-rows.  Individual  scales  would  then  be  trans- 
formed into  leaf-auricles,  perhaps  primarily  in  consequence  of  external 
stimuli.  We  cannot  at  present  say  for  what  reason  so  richly  membered  an 
apparatus  for  the  protection  of  the  vegetative  point  has  been  produced  in 
Blasia. 

Marchantiaceae.  The  formation  of  scales  in  Blasia  may  lead  us 
on  to  the  series  of  the  Marchantiaceae  in  which  we  find  the  vegetative  point 
almost  exclusively  protected  by  scales  which  appear  in  very  different 
number  and  configuration. 

Biooieae.  The  formation  of  mucilage  is  unknown  in  any  Riccia,  and 
it  occiu^  but  seldom  in  the  Marchantieae.  In  Riccia  the  scales  do  not  lie 
over  the  vegetative  point  but  they  only  lean  upon  its  outside.  A  longitu- 
dinal section  therefore  of  the  apex  of  Riccia  exhibits  an  appearance  different 
from  that  of  the  apex  of  Marchantia.  The  reason  for  this  is  that  the  vege- 
tative point  of  the  Riccieae  lies  in  a  cleft  formed  by  the  protuberant  lateral 
pordcMi  of  the  thallus,  and  this  needs  to  be  closed  by  the  scales  only  upon 
one  side ;  the  surfaces  of  the  protuberant  lateral  portions  of  the  thallus  are 
often  so  closely  apposed  that  their  cells  are  interlocked. 

Most  of  the  Riccieae  have  only  one  row  of  scales  ^  standing  in  the 
middle  line  of  the  thallus,  and  these,  except  in  Riccia  fluitans,  subsequently 


*  Cootnulictory  statements  mre  not  infrequently  found  in  the  literature,  but  without  the  hbtorical 
dttrtlopakeaiBl  basis  which  alone  is  of  value. 
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become  torn,  and  protection  of  the  vegetative  point  against  drought  is 
effected  by  the  air  which  is  held  between  them,  and  the  entrance  of  water  is 
also  thus  prevented.  In  Riccia  lamellosa  the  scales  reach  far  beyond  the 
lateral  edges  of  the  thallus ;  they  are  indented  in  the  middle,  which  may 
perhaps  be  recognized  as  the  first  indication  of  the  appearance  of  more  than 
one  row  of  scales ;  certainly  it  is  an  indication  of  fission.  In  Oxymitra 
pyramidata  we  find  two  rows  of  scales  which,  as  is  shown  in  Fig.  25,  IV, 
form  an  extremely  dense  plug  to  the  apical  cleft  by  their  interlocking  one 
with  the  other.    As  this  is  a   genus  of  drier  habitats  than  the   other 


Picas.  I,  Mdrkia.  Cell-row  with  a  mactlase^)aptlla  at  its  apex,  ii  and  iii.  Cjathodiom  caveraanun.  Two 
cell-rows  correspondingr  to  scales.  IV,  Oxymitra  pyramidata.  Sarface  view.  Narrow  slit  above  the  vegetative 
point  V  practically  closed  to  the  outside  by  the  interlocking  of  scales. 

Riccieae  we  can  easily  understand  that  the  vegetative  point  requires  more 
special  protection.  The  features  of  Riccia  natans  will  be  described  after  the 
scales  of  the  aquatic  forms  are  described. 

Marohantieae.  The  Marchantieae,  including  Corsinia,  are  distinguished 
by  having  their  vegetative  point  in  a  flat  depression  over  which  the  scales 
bend  (Fig.  26) ;  it  is  not  in  a  narrow  cleft  as  in  the  Riccieae.  Cyathodium, 
a  genus  which  inhabits  very  feebly  illuminated  spots,  has  cell-rows  instead 
of  scales  (Fig.  25,  il,  III),  evidently  because  an  elaborate  protection  of  the 
apex  is  superfluous  ;  the  germ-plants  of  Marchantia  have  a  like  arrange- 
ment. The  scales  in  Marchantia  and  other  genera  stand  immediately 
behind  the  vegetative  apex.  The  tip  of  the  young  scale  takes  the  form  of 
a  club-like  hair,  which  in  Targionia,  Sauteria,  and  Dumortiera  remains 
inserted  upon  the  edge  of  the  scale  usually  at  the  apex  of  a  lobe-like 
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projection.  In  others,  again,  there  is  formed  upon  the  under  side  of  the 
scale  at  its  base  before  the  construction  of  its  apical  papilla  is  completed  an 
outgrowth  which  soon  overtops  the  papilla  and  pushes  it  to  the  upper  side, 
in  the  same  way  as  the  mucilage-papilla  of  the  amphigastrium  of  Blasia  ^ 
is  displaced.  This  outgrowth,  consisting  at  first  of  a  single  cell,  becomes  a 
cell-surface  and  may  be  called  the  apical  appetidage^  and  it  shows  beautifully 
how  its  form  is  conditioned  by  its  function.  In  Fig.  27  we  have  an  illustra- 
tion of  the  under  side  of  the  thallus  of  Marchantia  chenopoda.  It  bears 
two  rows  of  scales,  the  majority  of  which  still  possess  the  apical  appendage 


Fig.  j6.  Plagiochasma  Aitonia.  Male 
plant,  with  fire  antheridial  gronpSf  seen  from 
abote.  The  scales  upon  the  under  side  beod 
over  the  rcffetativc  point.  The  yoon^er 
antheridial  g^roopa  are  protected  also  l>y 
overlappiiur  scales  which  form  their  perichae- 
tiBinr%£iified8. 


Pig.  2^.  Marchantia  chenopoda.  An  Andine  species.  Apex 
of  the  thallus  seen  from  below.  There  are  two  rows  of  scales. 
Towards  the  upper  left  side  of  the  fi^re  an  additional  one  is 
visible.  Each  scale  has  an  apical  appendage  which  originally 
arched  over  the  vegetative  pomt  and  subsequently  falls  away. 
Magnified  15. 


which  is  sharply  marked  off  from  the  broad  scale,  is  darker  in  colour  than  it, 
and  has  at  its  base  a  constriction  at  which  its  edges  are  ,bent  downwards. 
This  constriction  corresponds  exactly  to  the  width  of  the  apical  depression. 
Over  the  apex  these  apical  appendages  alone  are  bejit,  and  they  lie  upon  it 
like  the  leaves  of  a  book  ;  subsequently  they  are  displaced  to  the  under  side 
of  the  thallus  and  then  readily  fall  off.  They  have  now  become  functionless, 
their  work  has  been  done  ;  but  this  is  not  the  case  with  the  scales.  These  have 
still  an  important  duty.  The  scales  lying  upon  the  midrib  form  a  canal  within 
which  the  tufts  of  rhizoids  run  to  penetrate  the  soil  further  back  under  the 


^  See  p.  29. 
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thallus.  The  tufts  of  rhizoids  are  protected  from  loss  of  water  by  the  scales, 
and  are  held  together  by  them  so  that  where  they  occur  in  great  masses,  as 
in  xerophilous  forms,  they  make  wick-like  strands  and  the  water  then  does 
not  pass  merely  into  the  lumen  of  the  rhizoid  but  passes  upwards  between 
the  rhizoids  by  capillarity.  This  relationship  of  the  scales  to  the  rhizoids  is 
particularly  striking  in  Marchantia  polymorpha  and  other  species  in  which 
there  are  not  only  scales  in  two  rows  approaching  the  midrib,  but  also  over 

the  surface  of  the  thallus.  It  will 
not  be  superfluous  to  say  a  word  here 
regarding  these  relationships. 

Marchantia  polymorpha  has  been 
figured  and  described  times  without 
number,  but  the  distribution  of  the  rhi- 
zoids has  not  attracted  much  attention. 
We  can  recognize  three  series  of  scales  in 
Marchantia  polymorpha  (Fig.  28).  The 
median  scales^  which  are  provided 
with  apical  appendages  like  those  repre- 
sented in  Fig.  27 ;  marginal  scales, 
which  partially  project  over  the  edge 
of  the  thallus;  and  between  these 
there  stand  scales  which  we  may  call 
intermediate  scales.  Underneath  the 
median  scales  there  runs  a  strand  of 
rhizoids,  the  chief  strand.  Rhizoids 
also  spring  out  both  below  and  from 
the  marginal  and  intermediate  scales, 
wend  their  way  united  in  thinner 
strands  to  the  median  scale,  and  there 
join  on  to  the  chief  strand.  It  thus 
comes  about  that  a  series  of  strands  is 
developed  which  we  may  compare  with 
a  system  of  irrigation.  The  lateral 
strands  serve  to  conduct  water  to  the 
marginal  parts  of  the  thallus.  The 
scales  at  this  point  are  chiefly  organs  of  protection  and  direction  to  the 
rhizoid-strands,  they  are  no  longer  protective  organs  for  the  vegetative 
point.  Marchantia  lamellosa,  which  inhabits  the  higher  parts  of  the  Northern 
Andes,  has  many  more  scales  than  M.  polymorpha.  This  plant,  notwith- 
standing that  it  lives  upon  a  moist  soil,  has  a  xerophilous  character,  and  the 
thick  covering  of  scales  upon  the  under  side  of  the  thallus  between  which 
the  numerous  strands  of  rfcizoids  run  assures  a  sufficient  supply  of  water 
even  if  the  transpiration  be  profuse.    It  is  further  clear  that  the  scales 


Fig.  a8.  Marchantia 
from  the  under  ttide.  A 
along  the  midrib  and  the  strands  of  rhizoids  which 
arise  under  the  outer  scale^  unite  with  this.  Sinjj^le 
free  rhizoids  spring  ontLalso  from  the  thallus. 
Magnified  about  5. 


Digitized  by 


QjOo^^ 


APPENDAGES  OF  THE  THALLUS.  MUCILAGE-HAIRS.  SCALES    33 

themselves  standing  close  together  will   retain  water   by  capillarity,  as 
happens  in  Aneura  endiviaefolia  and  other  species  ^. 

Dnmortiera.  This  genus  has  experienced  a  reduction  in  its  anatomical 
structure,  which  is  connected  with  its  hygfrophilous  character  ^ ;  it  is  found 
growing  upon  moist  places,  under  the  spray  of  waterfalls,  or  upon  the  banks 
of  streams.  In  Dumortiera  hirsuta,  for  example,  the  scales  are  represented 
by  a  few  ridges  upon  the  thallus,  and  can  serve  as  no  protection  to  the 
rhizoid.     There  is  along  the  midrib  of  the  thallus  a  strand  of  very  thin 


Pia  39.     Ricda  natans.    Apex  of  a  thallns  which  has  recently  forked  teen  in  transverse  section.    Lar^e  inter* 
eeUoiar  HMces  are  visible  in  the  tissue.    Softies  upon  the  under  side  appear  at  each  vegeUtive  point  in  three 
Tbe  scales  of  each  lateral  row  overlap  later  those  of  the  middle  one. 


rhizoids,  but  the  remarkable  arrangements  of  Marchantia  polymorpha  are 
not  found  here. 

We  observe  then  that  the  configuration  of  the  scales,  and  no  less  their 
number,  stand  in  the  closest  relationship  to  the  conditions  of  life,  and  of 
coarse  also  to  the  mass  of  the  thallus.  The  narrow  forms  of  Riccieae  have 
one  row  of  scales,  the  broad  Riccia  natans  has  many  rows  (Fig.  29).    The 


*  Sec  p.  53. 

•  Goebel,  Pflanzenbiologische  Schilderungca,  ii  (1893),  p.  233. 
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narrower  species  of  Marchantia  have  two  rows  of  scales,  the  broad  Mar- 
chantia  polymorpha  has  many  rows.  Originally  developed  as  protective 
organs  to  the  vegetative  point  the  scales  when  they  are  produced  in  numbers 
find  their  function  in  connexion  with  the  supply  of  water  ;  they  form  cavities 
within  which  the  strands  of  rhizoids  run  in  the  manner  already  described  in 
the  case  of  Marchantia  polymorpha  and  others.  We  shall  see  afterwards 
that  between  the  scales  on  the  rays  of  the  antheridiophore  in  Marchantia 
run  strands  of  rhizoids  to  conduct  water. 

It  is  probable  that  these  scales  took  origin  out  of  cell-rows.  The  case 
of  Cyathodium^  indicates  this  as  well  as  that  of  Corsinia  in  which  the 
ventral  scales  possess  a  terminal  process — the  oldest  part  of  the  scale — 
consisting  of  a  cell-row.  In  Hepaticae,  such  as  Sphaerocarpus  and  Riella  ^, 
which  possess  no  elaters,  we  observe  the  same  course  of  development. 
Sphaerocarpus  possesses  mucilage-papillae  borne  upon  a  cell-row.  We  find 
in  place  of  these  in  Riella  complete  leaf-like  scales,  containing  chlorophyll, 
which  no  longer  serve  merely  as  protective  organs  for  the  vegetative  point, 
but  are  also  assimilation-organs  (Fig.  9).  This  no  doubt  is  connected  on 
the  one  hand  with  the  direction  of  the  thallus  which  exposes  the  scales  to 
illumination,  and  on  the  other  hand  with  the  influence  of  the  aquatic  life. 
That  the  latter  has  an  effect  is  shown  by  Riccia  natans,  the  large  water-form 
of  which  has  strongly  developed  ventral  scales  which  contain  chlorophyll. 
These  scales  have  here  evidently  the  same  biological  significance  as  the 
water-leaves  of  Salvinia,  they  increase  the  surface  by  which  water  is 
absorbed ;  they  give  the  floating  plant  more  stability ;  they  protect  it  by 
their  secretions  against  the  attacks  of  water-animals  ;  and  further,  on  account 
of  the  chlorophyll  which  they  possess,  they  co-operate  in  assimilation.  They 
are  much  less  developed  in  the  land-form^  and  are  present  in  it  usually 
as  protective  organs  to  the  vegetative  point  otily.  In  the  water- form  they 
construct  in  front  of  the  v^etative  point  a  tuft  which  encloses  air,  and  thus 
prevents  the  water  from  touching  the  apical  region.  Riccia  fluitans  (Fig.  \%\ 
on  the  other  hand,  which  also  lives  in  water,  has  scales  which  are  not  endowed 
with  any  new  fimction,  and  are,  as  in  the  land-form  of  Riccia  natans,  only 
protective  organs ;  and  this  is  so  apparently  because  this  species  is  more 
adapted  to  submerged  life,  as  its  anatomical  structure  indicates,  and  its 
delicate,  richly-branched  thallus  can  take  up  water  through  its  whole  surface  ; 
whilst  Riccia  natans,  which  swims  on  the  surface  of  the  water,  takes  up 
water  through  the  scales.  There  is  an  interesting  parallel  in  the  behaviour 
of  the  ventral  scales  in  Riccia  natans  and  in  Riella,  and  these  scales  may  be 
designated  leaves  ^. 


>  See  p.  30. 

•  These  are  in  my  opinion  the  lowest  members  in  the  series  of  Marchantiaceae,  and  approach 
Monodea  in  some  points. 

•  See  p.  35, 
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2.   Leaves. 

Another  series  of  appendicular  organs  includes  those  which  in  configu- 
ration and  origin  so  much  resemble  the  leaves  of  the  foliose  Hepaticae  that 
we  may  designate  them  also  leaves.  We  term  these  appendicular  organs 
leaves  if  they  are  laid  down  in  definite  regular  succession  at  the  vegetative 
point  and  conform  in  configuration  and  function  with  the  leaves  of  forms  in 
which  such  organs  have  from  the  very  oldest  times  been  spoken  of  as 
leaves  ^.  The  formation  of  leaves  in  the  Hepaticae  has  arisen  in  a  large 
number  of  series  independently  one  of  the  others  and  this  is  characteristic. 
The  so-called  '  foliose  *  forms,  in  the  narrower  sense  of  the  acrogynous  ones, 
constitute  only  one  of  these  series,  and  besides  those  amongst  the  Junger- 
manniaceae  there  are  many  others.  If  we  leave  out  of  consideration  the 
ventral  scales  of  Marchantieae  and  Riella  described  above — but  as  I  have 
said  we  may  always  call  them  leaves  in  Riccia  natans  and  Riella^ — the 
series  of  Marchantiaceae  alone,  so  far  as  we  know,  is  wanting  in  the  forma- 
tion of  leaves. 

(a)  LEAVES  OF   THALLOSE   FORMS. 

AnthoceroB.  There  are  a  few  cases  of  a  like  want  of  leaves  amongst  the 
Anthoceroteae,  but  these  are  not  quite  complete.  In  the  gjenus  Anthoceros 
itself  we  find  leaf-like  appendages  in  A.  fimbriatus  (Fig.  50),  a  species  I  found 
upon  the  Cordilleras  of  Merida.  The  one-layered  crested  appendages  of  the 
many-layered  thallus  are  Jn  this  species  really  produced  by  the  middle  lobes 
which  arise  in  the  course  of  branching  (see  Fig.  14).  There  is  a  frequent 
division  of  the  vegetative  point  with  which  is  associated  a  corresponding 
formation  of  branches.  Many  of  the  v^etative  points  which  are  thus 
formed  are  arrested  in  development,  and  their  apical  cell  loses  its  rich 
protoplasmic  content  and  takes  no  fiirther  share  in  growth ;  but  the  middle 
lobes  increase  and  become  crested  appendages,  which  will  be  mentioned 
again  when  I  refer  to  the  absorption  of  water  ^. 

DendrooeroB.  Some  species  of  Dendroceros  show,  in  addition  to  the 
leaves,  other  structures  which  are  also  connected  with  the  supply  of  water. 
I  have  examined  Dendroceros  foliatus,  a  species  described  by  Spruce*. 

*  See  the  remarks  upon  '  Formation  of  Organs  and  Division  of  Labour,'  Part  I,  pp.  ai-4a  Many 
systematists  who  have  studied  the  Hepaticae  have  raised  objections  to  the  use  of  the  term  '  leaves'  for 
the  organs  wider  consideration  here.  Stephani  (Trenbia  insignis.  Gob.,  in  Hedwigia,  xxx  (1891), 
p.  190),  for  example,  made  out  the  leaves  of  Trenbia,  Symphyogyna,  and  others  to  be  no  leaves  bnt 
'frood-lobes.'  The  altogether  superfluous  and  almost  fossil  expression  '  frond '  instead  of '  thallus ' 
ought  to  be  entirely  discarded.  But  these  '  frond-lobes '  cannot  be  distinguished  by  any  single 
esK&tial  character  from  the  'leaves'  of  the  foliose  forms.  It  would  be  different  if  they  arose 
insularly  as  outgrowths  upon  the  margin  of  the  thaUus.  But  as  Leitgeb  has  shown  in  Blasia  and 
I  have  proved  in  the  cases  of  Trenbia  and  Symphyogyna  this  does  not  happen.  To  call  the  leaves 
of  Calobryaceae  'frond-lobes'  would  be  nonsense. 

'  See  p.  34-  »  See  p.  56. 

*  Spmoe,  Hepaticae  amazonicae  et  andinae,  in  Transactions  of  the  Botanical  Society  of  Edinburgh*, 
XV  (1884),  p.  574.  Professor  Bayley  Balfour  was  so  good  as  to  supply  me  from  Edinburgh  with 
Spruce's  original  specimens. 
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The  plant  (Fig.  51)  possesses  a  number  of  relatively  large  hood-like  forma- 
tions, of  which  we  can  distinguish  two  kinds  ;  one  (Fig.  30,  M)  corresponding 


formation  of  boles  is  seen  on 


Dendroceros  foliatos.    Apex  of  a  tballus ;  Af,  middle  lobes  of  different  age,  on  the  one  to  the  left  tbe 
the  upper  right  portion.    Besides  these  the  somewhat  oblique  hoods,  'the  leaves,* 


appear  as  lateral  shoots  on  tbe  vegetative  point    Magnified. 

with  the  middle  lobe  developed  by  branching  is  recognizable  by  its  deep 
emargination  which  indicates  the  banning  of  a  splitting ;  the  other,  in  the 

form  of  a  simple  hood,  arises  as  an  independent 
outgrowth  at  the  vegetative  point  and  becomes 
hollowed  at  a  subsequent  period  upon  its 
under  side.  These  *  leaves'  are  not  attached 
to  the  midrib,  but  are  bound  to  one  another 


PlO.  ai.    Blyttia  longispina.    Apex  of 
the  thallas.    On  the  edges  the  first  indica*       H.  Karsten).    A  pi 
dons  of  leaves  are  seen  as  cell-rows  below       in  tbdr  calyptra. 
the  shallow  indentations.    Magnified  8. 


Fig.  33.  Symphyogyna  Brogniartii  (Amphibiophjtnm  dioicnm, 
H.  Karsten).    A  plant  with  two  unripe  sporogonia  still  enclosed 


by  the  very  slight  wing-like  part  of  the  thallus.     Dendroceros  inflatus  ^  and 
D.  crispus  show  in  their  laminar  folds  an  approach  to  the  formation  of  leaves ; 

*  G.  Karsten,  Morpbologische  und  biologische  Untersuchnngen  iiber  einige  Epiphytenformen  der 
Molnkken,  in  Annales  du  Jardin  botauiqne  de  Buitenzorg,  xii  (1895),  p.  125. 
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if  these  laminar  folds  were  flat  they  would  be  like  the  leaves  of  Blasia.  From 
a  biological  point  of  view  their  origin  is  easily  understood.  Leaves  with  a 
horizontal  insertion,  such  as  we  meet  with  in  different  Jungermanniaceae, 
link  on  to  them. 

We  have  next  to  consider  the  features  in  the  cycle  of  affinity  of  Blyttia 
and  Symphyogyna. 

Blyttia.  Most  of  the  species  of  Blyttia  possess  an  unsegmented  thallus 
(see  Fig.  90).  Blyttia  longispina  (Fig.  31)  has  appendicular  organs  in  the 
form  of  cell-threads,  which  lie  directed  partly  upwards,  partly  downwards, 
about  the  vegetative  point,  and  so  form  a  kind  of  protection.  They  some- 
times also  appear  upon  teeth  which  project  from  the  edge  of  the  thallus. 
These  are  more  prominent  in  other  species. 

Symphyogyna.  The  plant  represented  in  Fig.  16  has  a  thallus  with 
evident  segmentation  into  separate  leaf-like  lobes,  and  the  segmentation 
may  cease,  and  the  thallus  can,  as  the  figure  ^ 

shows,  grow  on  with  an  entire  edge.     The  s^-  /Tjv  if 

mentation  to  form  *  leaves'  is  more  marked  in  I  /^f^fcviP^       i 

Symphyogyna  Brogniartii  (Fig.  3a).    It  reaches       *    I  ^l  1/ /^      i 
here  almost  to  the  midrib.   The  leaves  approach  ^fv^K  U  /i     r^ 

the  horizontal,  are  one-layered,  and  end  in  a  short  i^  1 1 i    ■  1  tM  ^m  m^ 

papilla,  or  a  cell-row  of  two  cells.     They  arise         »l|f  '^f./^^^Wj^A 
like  the  teeth   already   mentioned   in   regular         '%W^^i^^^W^ 
progressive  serial  succession  from  the  segments        J^t^^^^^^^^ 
of  the   apical   cell   at   the  vegetative  point  ^.     ^^^wf^^l^^^^^ 
Here  also  the  formation  of  leaf  may  cease  upon 
young  shoots;  and  in  all  these  cases  it  is  evi-     .onla op^n ; ^Jl rti^i"^^ 
dently  not  yet  fixed.     The  chief  point  is  that     ^*''*- 
the  sproutings  are  laid  down  in  regular  sticcession  at  the  vegetative  point. 
Whether  they  are  to  be  regarded  as  separate  leaves  or  as  small  appendages 
depends  upon  their  own  growth  and  that  of  the  axis  of  the  thallus  ;  accord- 
ing to  the  strength  of  the  one  or  the  other  of  these  there  appears  at  the 
vegetative  point,  in  essentially  similar  primordia,  a  leafy  stem  or  a  thallus 
with  appendages  like  that  depicted  above  in  Blyttia  longispina. 

Blasia.  This  and  its  nearly  allied  genus  Cavicularia  possess  horizon- 
tally inserted  lateral  leaves,  and  these  in  Blasia  (Fig.  33)  are  not  sharply  seg- 
mented from  the  flat  portion  which  corresponds  with  the  shoot-axis  of  other 
Hepaticae ;  usually  the  formation  of  leaves  appears  in  slender  plantlets. 

One  advantage  the  formation  of  leaves  possesses  over  the  unsegmented 
thallus  IS  apparent  even  in  forms  provided  with  horizontal  leaves:  the 
development  of  leaves  inserted  obliquely  or  transversely  to  the  long  axis 
of  a  shoot  provides  for  the  protection  of  the  vegetative  point  by  the  forma- 

'  Goebel,  Archegoniatensludien :  III.  Rudimentare  Lebermoose,  in  Flora,  Ixxvii  (1893),  p.  98. 
*  Goebel,  op.  cit.,  p.  100,  Figs.  16-20. 
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tion  of  an  actual  bud,  which  must  of  course  be  a  very  incomplete  one  when 
the  leaves  have  an  insertion  parallel  with  the  stem-axis ;  and,  besides,  the 
leaves  are  able  also  to  retain  water,  and  then  the  regular  appearance  of 
a  number  of  sharply  limited  organs  makes  possible  their  adaptation  to  definite 
functions. 

The  foliose  Hepaticae  includes  both  anacrogynous  and  acrogsmous 
forms. 

{b)   LEAVES   AND   SHOOTS   OF   ANACROGYNOUS   FOLIOSE   FORMS. 

These  forms  belong  to  the  cycle  of  affinity  of  the  thallose  group  and 
call  for  attention  first. 

Fossombronia.  The  species  of  this  genus  (Fig.  34)  possess  two  rows  of 
obliquely  placed  lateral  leaves  which  give  the  plant  a  crested  aspect  and 


Fig.  34.  Fossombronia  taberifera,  Goebd.  Lateral  view  of  a  distichoosly  leaved  plant  in  fnictiScation.  The 
sporoffonium  is  surrounded  by  a  bell-shaped  envelope.  The  point  of  the  plant  begins  to  penetrate  the  Sfronnd  where 
it  would  develop  into  a  new  tuber.    Magpnified  18. 

favour  greatly  the  retention  of  water.  The  shoot-axis  has  a  two-sided 
apical  cell  and  is  much  flattened  upon  the  upper  side.  Upon  its  ventral  side, 
which  the  edges  of  the  leaves  scarcely  overlap,  club-shaped  mucilage-papillae 
occur  which  frequently  in  consequence  of  the  growth  and  division  of  their 
supporting  cells  come  to  stand  upon  the  summit  of  a  leaf-like  scale ;  this 
process  is  interesting  because  it  furnishes  a  support  to  the  suggestion  given 
above  in  regard  to  the  origin  of  the  amphigastria  of  Blasia  and  other  forms. 
Upon  the  dorsal  side  the  edges  of  the  leaves  overlap  almost  to  the  middle^ 
and  here  are  found  the  sexual  organs. 

Androoryphia  and  Petalophyllum.  In  Androcryphia  and  Petalophyl- 
lum  the  formation  of  the  leaves  is  similar,  the  apical  cell  is,  however, 
a  three-sided  pyramid,  as  in  the  acrogynous  forms.  The  leaves  overlap  the 
dorsal  side  to  a  very  slight  extent.  Mucilage-papillae  occur  upon  the  under 
side  in  Androcryphia. 
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Treubia.  The  largest  of  all  the  Hepaticae  in  this  cycle  of  affinity  is 
Treubia  insignis,  a  species  found  by  me  in  Java.  In  it  there  are  two  rows 
of  lai^e  lateral  leaves ;  the  under  side  has  no  trace  of  appendages ;  the 
shoot-axis  is  not  visible  usually  between  the  leaves,  only  on  young  and 
delicate  examples  are  there  intemodes  (Fig.  35,  lower  portion).  The  leaves 
which  are  over  one  centimeter  long,  are  nearly  horizontal,  and  are  many- 
layered  at  the  base,  but  one-layered  higher  up ;  the  fore  edge  of  the  leaves 
is  inserted  deeper  than  the  hinder  edge,  and 
when  the  position  of  the  leaves  is  very  close 
the  hinder  edge  of  each  younger  leaf  covers 
the  fore  edge  of  the  next  older.  The  leaves 
are  therefore  succubous^.  Upon  the  dorsal 
sur&ce  of  the  stem  there  are  two  rows  of  scales 
beside  the  leaves  and  surrounding  the  insertion 
of  each,  and  their  posterior  part  forms  a  zigzag 
comb  (Fig.  36).  They  cover  the  sexual  organs 
and  the  gemmae  where  these  exist,  and  con- 
tribute also  to  the  protection  of  the  vegetative 
point  which,  however,  is  also  enveloped  in 
mucilage.  The  mucilage  is  derived  from 
mucilage-papillae,  which  stand  upon  a  wing- 
like growth  on  the  under  edge  of  the  leaf,  and 
thus  replace  or  render  superfluous  the  central 
mucilage-papillae  which  are  found  in  other 
Hepaticae  ^. 

Calobrsraoeae  ^.    The  Calobryaceae  is  the 
only  group  of  Hepaticae  in  which  orthotropous 
shoots  occur ;  it  has  perhaps  some  affinity  with 
Treubia.    Fig.  37  shows  the  habit  of  Calobryum.   Tristichous  leafy  shoots  are 
borne  upon  a  sympodial  rhizome.  The  leaves,  like  those  of  Treubia,  are  many- 

'  Stei^oi  (Treubia  insignis,  Goebel,  in  Hedwig:ia,  xxx  (1891),  p.  191)  has  made  a  nnmber  of 
statements  which  are  not  altogether  in  consonance  with  the  developmental  history  of  Treubia  insignis. 
As  our  Fig.  35  shows,  it  is  incorrect  to  say  that  'the  overlapping  edges  of  two  neighbouring  leaves 
spring  from  one  point.'  The  arrangement  is,  as  I  have  satisfied  myself  by  a  renewed  investigation, 
that  the  anterior  edge  of  each  leaf  lies  deeper  than  the  posterior  of  the  next  younger.  These  are 
actual  soccobous  leaves ;  they  are  not  what  Stephani  calls  them  '  frond-lobes.'  Stephani  also  mis- 
qaotes  when  he  8a3r6  *  Goebel  describes  the  midrib  as  cylindric  in  transverse  section.'  What  I  said 
was  '  the  stem  does  not  usually  show  between  the  leaves,  but  on  young  and  feeble  examples,  as  well 
as  at  die  base  of  the  lateral  twigs,  one  finds  conspicuous  intemodes,  and  here  the  stem  has  an  outline 
approachi$ig^  the  cylindric ' ;  and  what  I  have  said  is  correct.  Stephani  is  also  incorrect  in  what  he 
says  about  the  dorsal  scales.  These  are  found  here  and  there  where  there  are  no  sexual  organs  as 
I  made  dear  in  my  original  description.  Stephani  takes  as  a  basis  of  his  definition  of  the  notion 
of  leaf  exclusively  the  structure  of  that  name  in  the  foliose  acrogynous  forms.  This  is  inadmissible. 
The  formation  of  leaf  has  originated  repeatedly  in  the  different  cycles  of  afHnity  in  the  Hepaticae. 

'  Leaf-bom  mucilage-papillae  occur  also  in  Fossombronia  caespitiformis. 

'  See  Goebel,  Morphologische  und  biologische  Studien :  IV.  Ober  javanische  Lebermoose ;  3. 
Calobryum  Blumii,  Nees,  in  Annales  du  Jardin  botanique  de  Bnitenzorg,  ix  (189a),  p.  11.    I  have 


Fig.  35.  Treubia  insignis,  Goebd. 
Young  plant  seen  from  above.  The  leaves 
are  not  numbered  according  to  age.  The 


hinder  edj^e  of  leaf  a  evidently  embraces 
int  of  insertion  <^  the  for    "^        ' 

3.    Beside  and  near  the  fo 

each  leaf  stands  a  scale  whose  Insertion  is 


thepoii 
leaf  3. 


of 
[geof 


crestwise  backwards.  Under 
the  scales  stand  the  sexual  organs  if  these 
are  present  At  the  base  of  the  shoot 
where  the  leaves  are  smaller  the  crest  is 
less  visible.  The  stem  upon  which  the 
scales  are  inserted  is  quite  evident. 
Magnified  i}. 
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layered,  and   like  them  also  bear  mucilage-papillae.     Such  papillae  are, 
however,  also  found  upon  the  cylindric  shoot-axis.     The  Calobryaceae  ex- 


PlG.  36.    Treabia  insignis,  GoebeL    A  plant  seen  from  above.    Natural  sice.    It  bears  a  sporogonium  which  is 
shown  somewhat  smaller  than  natural  sixe. 

hibit  the  highest  stage  of  development  of  the  anacrogynous  Hepaticae,  inas- 
much as  the  shoots  which  bear  the  sexual  organs  possess  terminal  antheridia 

and  archegonia,  to  which  I  shall  refer  when  I 
speak  of  the  position  of  sexual  organs  generally. 
Further,  the  cylindric  shoot-axis  is  sharply  de- 
marcated from  the  transversely  inserted  leaves, 
and  there  is  throughout  a  typical  leafy  shoot  It 
is  interesting  to  note  that  occasionally  anisophyl- 
lous  shoots  appear.  The  leaves  of  one  lateral  row 
have  one  side  smaller  than  the  other,  and  may 
indeed  occasionally  almost  entirely  abort,  whilst 
the  leaves  in  the  other  two  rows  have  an  oblique 
not  transverse  insertion.  The  importance  of  this 
case  lies  in  its  features  being  determined  by 
external  factors,  and  therefore  showing  that  this 
construction  of  the  leaves,  which  is  the  dominant 
one  in  the  acrogynous  foliose  Hepaticae,  may  be 
reached  experimentally  ^. 


Pig.  37.  Calobryum  Blamii,  Nees. 
Habit  of  a  female  plant  Hi,  Bn,  Hm. 
stolons  anited  into  a  sympodiai 
chain  and  serving  as  roots;  I,  If, 
'    '    '  "  lOots:  M,  accea. 


Ill,  their  folii 

sory  stolons.   "Kataral  stze. 


laire-! 


\ 


{c)    LEAVES  AND  SHOOTS  OF  ACROGYNOUS  FOLIOSE  FORMS. 

In  this  group  we  have  growth  usually  from  a  three-sided  apical  cell  ^, 
which  gives  rise  to  a  typical  tristichous  leafy  stem,  but  the  ventral  row  of 


here  shown  that  Calobrynm,  which  until  now  has  been  considered  to  be  quite  nniqne,  should  be 
united  in  one  group  with  Haplomitrium,  and  I  have  called  the  group  Calobryaceae.  Schiffner^s 
(Hepaticae,  in  Engler  and  Prantl,  Die  natiirlichen  Pfianzenfamilien,  1893,  p.  60)  alteration  of  the 
name  to  Haplomitrioideae  is  quite  arbitrary. 

^  See  Part  I,  p.  102.  Also  Goebel,  Morphologische  und  biologische  Studien :  IV.  Uber  javanische 
Lebermoose;  3,  Calobryum  Blumii,  Nees,  in  Annales  du  Jardin  botanique  de  Buitenzorg,  ix  (1891), 
p.  16.  '  See  Part  I,  p.  loi. 
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leaves  consists  of  the  amphigastria,  which  are  smaller  than  the  leaves  of  the 
two  lateral  rows,  and  this  is  connected  with  the  fact  that  only  plagiotropous 
shoots  occur  in  the  vegetative  region,  with  the  exception  of  shoots  which 
produce  gemmae.  The  amphigastria  are  sometimes  reduced  to  hair-like 
structures  or  are  entirely  wanting,  as  in  Jungermannia  bicuspidata,  although 
there  they  occasionally  if  seldom  appear.  These  features  are  entirely  ex- 
cluded in  the  case  of  Physiotium  (Fig.  57, 1),  in  which  the  shoot-axis  has 
a  two-sided  apical  cell  from  which  segments  are  cut  off  giving  rise  to  lateral 
leaves^.  On  the  orthotropous  sexual  shoots  the  amphigastria  appear, 
although  they  may  be  wanting  on  the  vegetative  shoots,  and  the  presence 
of  a  similar  character  upon  the  orthotropous  shoots  which  bear  gemmae  in 
Calypogeia  has  been  already  pointed  out  ^. 

In  most  members  of  this  group  the  leaves  are  one-layered,  but  many- 
layered  leaves  are  found  in  Gottschea  pachyphylla,  and  a  few  others  in 
which  this  character  has  probably  the  same  significance  as  the  succulence 
of  the  leaves  of  higher  plants.  There  is  commonly  no  midrib.  Where  a 
trace  of  this  exists,  as  in  Frullania  Tamarisci,  it  is  composed  of  cells  with 
peculiar  content  different  from  that  of  the  other  cells  of  the  leaf,  and  due 
perhaps  to  the  accumulation  of  oil-bodies.  This  requires  further  investiga- 
tion. An  indication  of  a  many-layered  rib  is  found  in  Scapania,  species  of 
Plagiochila,  and  in  Jungermannia  albicans  ^. 

The  early  appearance  in  many  forms  of  a  division  of  the  leaf  into  halves 
is  very  characteristic,  but  this  often  disappears  as  the  plant  grows ;  its  occur- 
rence precludes  the  apical  growth  which  occurs  in  the  leaves  of  the  Musci. 
In  consequence  of  it  the  mature  lateral  leaves  of  many  Jungermannieae  are 
twro-lobed  and  possess  an  upper  lobe  and  an  under  lobe  which  are  frequently 
very  different  in  form  and  size.  This  is  never  seen  in  the  amphigastria. 
This  bipartition  distinguishes  the  leaves  of  the  acrogynous  species  from 
those  of  the  anacrogynous  ones.  The  outgrowths  which,  in  the  form  of 
lamellae,  papillae,  and  so  forth,  are  frequently  found  upon  the  leaves,  will 
be  spoken  of  when  I  discuss  the  arrangements  for  the  taking  up  of 
water. 

It  has  been  already  shown  *  that  in  many  forms  there  is  a  displacement 
which  may  go  so  far  that  the  leaves  appear  to  have  a  horizontal  insertion. 
This  is  by  no  means  generally  the  case.  Where  no  leaf-surface  is  formed, 
but  the  leaf  consists  merely  of  cell-rows,  as  in  Jungermannia  trichophylla, 
Lepidozia  bicruris,  Arachniopsis,  there  is  no  displacement.  From  this  we 
may  conclude  that  the  displacement  is  connected  with  the  obtaining  of 


'  Goebel,  Archegoniatenstndien :  V.  Die  Blattbildnng  bei  den  Lebermoosen  and  ihre  biologische 
Bcdentmig,  in  Flora,  Ixxvii  (1893),  p.  445. 

*  See  Part  I,  p.  loa. 

*  See  Morhi,  Anatomie  compart  de  la  feuille  des  Muscin^es.    Th^e,  Rennes,  1893. 

*  Sec  Part  I,  p.  loi. 
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a  favourable  surface  of  assimilation,  and  it  may  be  directly  brought  about 
by  light,  as  it  is  in  Jungermannia  bicuspidata  ^,  or  it  may  be  inherited. 

Conoresoenoe  of  the  leaves,  either  of  the  two  upon  the  upper  side,  or 
of  these  with  the  corresponding  amphigastrium,  is  met  with  in  Flagiochila 
connexa  and  P.  conjugata,  species  of  Chiloscyphus  and  others,  but  we  are 
unable  at  present  to  give  any  biological  explanation  of  it. 

Reversion  to  thallns-form.     Some  leafy  Jungermannieae  exhibit  the 

remarkable  feature  of  a 
reversion  of  their  vegeta- 
tive bodies  in  some  degree 
to  the  form  of  a  thallus. 
Cephalozia  (Pteropsiella) 
frondiformis  shows  this. 
The  vegetative  body  of 
this  plant  is,  as  its  specific 
name  implies,  a  flat  band- 
like thallus  from  which 
leafy  shoots  bearing  the 
sexual  organs  spring ;  but 
the  apparent  thallus  is  a 
leafy  shoot,  the  horizon- 
tally-placed leaves  of 
which  have  united  with 
one  another,  or,  which 
comes  to  the  same  thing, 
stand  upon  a  wing-like 
outgrowth  of  the  stem*. 
Transition-forms  from  the 
thallus  to  the  leafy  stem 
also  occur.  Zoopsis, which 
is  a  sub-genus  of  Cepha- 
lozia, shows  similar  fea- 
tures (see  Fig.  97).  Its 
leaves  are  small  appen- 
dages of  the  stem,  and  the  flattened  large-celled  dorsal  surface  of  the  stem 
does  the  work  of  assimilation :  but  at  the  vegetative  point  the  same  relation- 
ships are  found  as  occur  in  other  foliose  forms,  and  the  sexual  shoots  have 
well-developed  leaves. 

Flagella.  The  reduction  of  the  leaves  on  shoots  which  are  constructed  as 
flagella^  and  as  stolons  or  rhizomes,  comes  about  in  another  way.     Flagella 


PiO.  38.  Lepicolea  cavifolia.  A  plant  Men  from  below.  The  lateral 
branches  have  erown  out  into  flagella  which  are  clad  with  reduced 
leaves.    Magnified  3. 


'  Goebel,  Cher  Jngendformen  yon  PHaozen  and  deren  ktinstliche  Wiederheryorrnfung,  in  Sitzungs- 
berichte  der  bayerischen  Akademie,  xxvi  (1896). 
*  Goebel,  Arch^oniatenstudien :  III.  Ober  rodiment'are  Lebennoose,  in  Flora,  Ixxvii  (1895),  p.  83. 
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are  shoots  with  thin  long  axes  and  reduced  leaves.  Lepicolea  (Fig.  38) 
amongst  others  commonly  has  lateral  shoots  developing  into  flagella. 
These  are  usually  richly  provided  with  rhizoids,  and  apparently  serve  as 
a  fixing-apparatus  like  the  anchoring-organs  in  some  species  of  Aneura^. 
In  Mastigobryum  these  flagella  arise  ventrally.  The  shoots  in  this  species 
do  not  cling  to  the  substratum  but  rise  obliquely  from  it,  and  the  flagella 
have  exactly  the  function  of  the  rhizophores  in  Selaginella.  They  conduct 
water  and  the  substances  dissolved  in  it  from  the  substratum  to  the  plant, 
and  like  rhizophores  they 
may  be  caused  to  de- 
velop as  leafy  shoots. 
Lembidium  dendroideum 
(Fig.  39)  has  an  oblique 
ascending  shoot-system 
which  develops  no  rhi- 
zoids. These  are  found 
upon  shoots,  bearing  re- 
duced leaves,  which  bore 
into  the  substratum,  and 
penetrate  it  in  all  direc- 
tions, being  externally 
quite  root-like.  In  many 
species  of  Plagiochila 
and  Bryopteris  (Fig.  40) 
the  shoots  in  their  lower, 
part  cling  to  the  sub- 
stratum, and  raise  them- 
selves up  as  free  struc- 
tures in  their  upper  part. 
What  outer  factors  in- 
fluence the  development 
of  these  forms  of  shoots 
we  do  not  yet  know. 

Iiong  shoots  and 
short  shoots.  Of  other  kinds  of  division  of  labour  among  the  branches  of 
one  shoot-system,  apart  from  the  supporters  of  the  sexual  organs,  that  of 
long  shoots  and  short  shoots,  which  as  is  known  also  occurs  in  the  thal- 
lose  forms,  must  be  mentioned.  It  is  very  distinct  in  Bryopteris  filicina 
(Yig.  40). 

Tnbers.  The  formation  of  tubers  which  takes  place  in  some  of  the 
thallose  Hepaticae,  is  unknown  as  yet  in  the  foliose  acrogynous  forms  (see, 
however.  Fig.  39,^). 

*  See  p.  26. 


Fig.  3Q.  Lembidium  dendroideum.  An  isolated  plant.  The  aerial 
shoot-system  ascends  obliquely  with  incurved  ends.  A^  anthendial  branches 
at  the  base  of  the  shoot-system.  Root- like  subterranean  shoots  pass  down- 
wards on  one  of  which  is  a  tuber,  B,  The  oldest  aerial  shoot  is  the  broken 
stump  on  the  right.    Magnified  4. 
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Branohing  and  the  leaves.  There  remains  to  mention  relationships  of 
the  branching  to  the  leaves.  In  no  case  is  branching  axillary.  The  branches 
are  either  lateral  or  ventral,  in  correspondence  with  the  dorsiventral  character 
of  the  foliose  Jungermannieae,  just  as  in  the  thallose  usually  dorsiventral 
forms.  In  Anomoclada  alone  do  the  branches  appear  upon  the  dorsal  side 
of  the  shoots,  and  the  branching  in  this  genus  requires  further  investigation. 
In  the  lateral  branching  the  formation  of  the  branch  takes  place  partly 

at  the  cost  of  one 
lateral  leaf.  A  leaf,  of 
say  Frullania  dilatata, 
from  whose  base  a 
lateral  shoot  springs, 
wants  its  auricle,  and 
in  place  of  it  there 
is  the  shoot.  Whilst 
usually  the  whole  lat- 
eral segment  of  the 
apical  cell  is  claimed 
for  the  formation  of 
the  leaf,  occasionally 
a  few  of  the  cells 
being  devoted  to  the 
construction  of  a  free 
stem-surface,  here  in 
the  case  of  the  branch- 
ing the  ventral  portion 
of  the  segment  is  de- 
voted to  the  making 
of  a  branch,  and  the 
upper  part  of  it  only 
is  left  for  the  leaf. 
Different  in  degree 
only  is  the  laying 
down  of  the  primor- 


At 


Pig.  40.    Bryopteris  filicina.    Habit    The  shoot  branches  in  one  plane, 
the  base  are  stolons  with  redoced  leaves  which  can  pve  rise  to  new  shoot 
sjTstems  and  at  the  same  time  help  in  anchoring  the  pliuit.    Magnified  4. 


dium  of  the  branch  in  the  basiscopic  basilar  portion  of  the  segment,  that  is 
to  say,  the  formation  of  the  leaf  out  of  the  segment  is  complete,  but  one 
cell  on  the  under  basiscopic  portion  of  the  segment  becomes  the  apical 
cell  of  the  primordium  of  a  branch,  and  when  this  develops  we  find, 
as  in  Radula  complanata,  the  branch  underneath  a  completely  developed 
leaf. 

Besting  buds.  The  lateral  shoots  of  many  species  may  become  resting 
buds.  In  Lejeunia,  for  example,  the  first  three  leaves  of  the  lateral  shoot 
coalesce  to  form  an  envelope  surrounding  the  primordium  of  the  shoot  which 
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rests  for  an  indefinite  period.     In  the  further  development  of  the  bud  the 
envelope  is  broken  through. 

Endogenetio  shoots.  This  leads  us  to  what  Leitgeb  has  described  as 
the  endogenetic  origin  of  the  ventral  and  lateral  shoots  of  many  species. 
He  says  that  the  flagella  of  Mastigobryum  are  formed  from  cells  lying 
immediately  under  the  outer  cells,  and  the  same  is  the  case  with  the  fructi- 
fication-branches of  this  plant,  as  well  as  of  Lepidozia,  Calypogeia,  and 
others.  The  disposition  of  these  endogenetic  branches  in  Lophocolea 
bidentata  and  in  Jungermannia  bicuspidata  is  peculiar.  They  are  almost 
exclusively  ventral,  and  the  branches  spread  themselves  out  upon  the  sub- 
stratum to  both  sides  of  the  chief  axis,  so  that  the  branch-system  has  the 
same  facies  as  is  produced  by  lateral  branching. 

8.    Bhizoids. 

Knowing  now  the  relationships  of  configuration  of  the  v^etative  body, 
we  have  to  cast  a  glance  at  the  organs  which  anchor  it  to  the  substratum 
and  draw  therefrom,  at  least  in  many  cases,  water  with  the  substances  dis- 
solved in  it  These  bodies  are  the  rhizoids^  hair-roots.  All  Hepaticae, 
whether  thallose  or  foliose,  possess  unicellular  rhizoids ;  the  Musci,  on  the 
other  hand,  always  have  rhizoids  composed  of  a  single  row  of  cells.  These 
rhizoids  differ  in  function.  In  some  Hepaticae,  for  example  epiphytic 
foliose  forms,  they  are  only  anchoring-organs,  in  others  they  combine  the 
work  of  fixing  the  plant  and  of  absorbing  water.  They  are  absent  in 
only  few  forms,  and  we  can  usually  discover  a  reason  for  their  absence. 
The  Calobryaceae,  for  example,  have  no  rhizoids  ^,  and  they  possess  root-like 
shoots  creeping  in  the  substratum  *,  and  these  render  the  rhizoids  unneces- 
sary. Physiotium  cochleariforme  also  has  no  rhizoids,  but  it  is  provided  with 
lai^e  water-sacs,  and  in  this  resembles  Sphagnum  ^. 

The  two  species  of  Riccia,  R.  natans  and  R.  fluitans,  each  of  which 
possesses  a  land-form  and  a  water-form,  have  no  rhizoids  in  their  water- 
form,  and  this  because  they  are  as  unnecessary  here  as  are  the  hairs  upon 
the  roots  of  many  water-plants  of  higher  groups,  for  example,  Salvinia, 
Utricularia.  In  R.  fluitans  the  water-form  may  produce  rhizoids  if  it  comes 
in  contact  with  a  solid  body*.  In  many  epiphytic  forms,  such  as  species  of 
Lejeunia,  a  strong  anchoring  disk  develops  out  of  a  bundle  of  rhizoids  f. 

A  division  of  labour  occurs  in  the  rhizoids  of  some  thallose  forms  which 
attain  a  considerable  stature,  and  particularly  in  those  in  which  the  upper 


»  The  germinatioo  of  these  Hepaticae  is  not  yet  known,  and  it  is  probable  that  as  in  Sphagnum 
the  genn-plant  has  rhizoids. 

*  Sec  p.  39.  and  Fig.  37. 

*  Trichocolea  tomentclla  has  well-developed  rhizoids,  although  Nees  thought  it  had  few  or  none. 

*  See  Part  I,  p.  269. 

*  For  an  account  of  this  see  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  p.  161,  Fig.  66. 
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side  of  the  thallus  takes  in  no  water,  and  the  care  of  the  water-supply 
devolves  upon  the  rhizoids.  Amongst  such  forms  we  know  at  present 
species  of  Monoclea  ^  and  the  members  of  the  series  of  the  Marchantiaceae. 

Monoolea.  I  had  the  opportunity  of  examining  Monoclea  dilatata  in  a 
living  condition  in  Venezuela,  and  the  interest  of  the  species  lies  in  this,  that 
it  foreshadows  the  peculiar  features  of  the  formation  of  rhizoids  which  belong 
to  the  Marchantiaceae  ^.  It  has  two  kinds  of  rhizoids  ;  some  wide  and  thin- 
walled,  arising  exclusively  out  of  the  under  side  of  the  thickened  midrib  of 
the  thallus  (Fig.  4,  III),  and  at  once  piercing  the  substratum ;  others  narrow 
and  relatively  thick- walled,  which  arise  partly  upon  the  edge  of  the  thallus, 
partly  upon  its  under  side,  and  grow  at  first  adpressed  to  the  thallus,  those 
that  arise  laterally  converging  to  the  midrib,  beneath  which  runs  a  strand  of 
rhizoids,  keeping  it  moist  by  capillarity.     These  lateral  rhizoids  can  irrigate 

the  lateral  parts  of  the  thallus.  The 
whole  arrangement  reminds  one  of 
that  found  in  hygrophilous  Marchan- 
tiaceae, especially  in  Dumortiera. 
Monoclea  itself  occurs  like  them  in 
moist  places.  The  arrangement,  which 
is  indicated  in  Monoclea,  finds  perfect 
development  in  the  Marchantiaceae. 

Marohantiaoeae.  Here  the  rhi- 
zoids are  frequently  over  two  centi- 
meters in  length,  and  often  form  a 
thick  felt  on  the  under  side  of  the  vege- 

FlG.  41.    Preiasia  commutata.    Stalk  of  an  arche-      ^    ..         %       %  rr>t  «•    •   •  r  i    i. 

;oniophore  in  transverae  lection.     The   strands  of      tatlVe    body.       The    dlVlSlOU  Of  labOUr 


inuuids  are  sank  in  two  deep  lateral  channels.  .,  /*      i      -^  •  • 

among  them  finds  its  expression  in 
a  difference  between  *  smooth*  rhizoids,  which  have  the  usual  construction, 
and  *  trabecular'  rhizoids,  which  have  trabecular  thickenings  upon  the 
inside  of  their  wall.  Germ-plants  of  Marchantia  and  plants  which  arise 
from  gemmae  possess  at  first  only  smooth  rhizoids,  and  they  it  is  which 
enter  the  soil  directly  from  the  under  side  of  a  mature  thallus  and  anchor 
it.  The  trabecular  rhizoids,  on  the  other  hand,  lie  upon  the  under  side 
of  the  thallus  in  strands,  the  strongest  of  these  running  along  the  midrib, 
and  only  at  some  distance  behind  their  point  of  origin  do  they  enter  the 
soil*.  There  is  no  doubt  that  these  strands,  which  are  also  found  under 
the  rays  of  the  disk  of  the  sexual  shoot  and  upon  its  stalk  (Fig.  41), 
conduct  water  by  capillarity,  although  at  the  same  time  the  movement  of 
water  chiefly  takes  place  through  their  lumen.    The  trabeculae  within  the 


*  Which,  however,  can  take  up  water  directly  from  outside. 

'  See  Ruge,  Beitrage  zur  Kenntniss  der  Vegetationsorgane  der  Lebermoose,  in  Flora,  Ixxvii  (1893), 
p.  379. 
«  See  p.  32. 
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rhizoids  have  also,  as  Kamerling*  has  recently  shown,  a  connexion  with 
the  conduction  of  water.  If  the  thallus  draws  water  from  the  trabecular 
rhizoids,  and  a  supply  to  replace  it  cannot  be  sufficiently  quickly  obtained 
fix)m  the  soil,  air-bubbles  will  be  formed  within  the  rhizoids  which  will 
interrupt  the  current  of  the  water.  The  presence  of  the  trabeculae 
compels  the  formation  of  these  bubbles  in  the  centre  of  the  cavity  of  the 
rhizoids,  and  so  the  current  of  water  can  pass  the  bubble.  The  trabecular 
rhizoids  then  make  possible  the  maintenance  of  a  fnore  copious  supply  of  water 
than  do  the  smooth  ones.  Concomitantly  with  this  we  find  that  the 
trabecular  rhizoids  are  specially  developed  in  forms  with  relatively  great 
transpiration,  whilst  they  are  subordinated  in  forms  in  which  this  is  feeble ; 
for  instance,  in  a  Venezuelan  hygrophilous  species  of  Dumortiera  they  were 
present  in  extremely  small  numbers,  and  were  entirely  wanting  in  Cyatho- 
dium  cavemarium. 

Transformation  of  rhizoids.  A  portion  of  the  rhizoids  is  transformed 
into  thick-walled  bristles  in  Dumortiera  hirsuta,  and  the 
transition-forms  to  rhizoids  show  the  true  nature  of  the 
bristles,  which  may  be  considered  protective  organs  for  the 
thallus,  although  it  is  impossible  to  say  precisely  wherein 
the  protection  lies^.  Change  of  function  and  transfor- 
mation of  rhizoids  is  otherwise  unknown.  Lindenberg  taS!°Lind.lbra*«SS»" 
speaks  of  s^fmented  rhizoids  in  the  land-form  of  Riccia  S^ch^SfSethaiSj 
natans,  but  this  is  either  an  error  or  a  misdescription  d^iS^oiTifSfe^ 
of  the  filiform  adventitious  shoots  which  sometimes  occur  *^*°'**  NatunJIlie. 
upon  old  examples  of  species  of  Riccia  ^.  So  far  as  we  know,  the  rhizoids 
in  Hepaticae  are  incapable  of  a  transformation  or  further  development, 
and  in  this  they  contrast  with  their  condition  in  the  Musci. 


JI 

ASEXUAL  PROPAGATION  OF  HEPATICAE* 

Every  asexual  multiplication  is  fundamentally  a  process  of  division  of 
the  vegetative  body  in  which  the  products  of  division  may  be  very  unequal 
in  size.     In  creeping  Hepaticae,  as  in  many  other  plants,  the  branches  may 


^  Kamerling,  Zar  Biologie  nod  Physiologie  der  Marchantiaceen,  in  Flora,  Ixxxiv  (Ergiinztmgsband 
nun  Jahigang  1897). 

'  Compare  with  these  the  bristles  aristng  upon  the  thallns  of  many  species  of  Metzgeria  which  may 
be  considered  transformed  rhizoids. 

'  A  recent  compiler  has  again  mistaken  these  for  rhizoids. 

*  Nees  yon  Esenbeck,  Naturgeschichte  der  europaischen  Lebermoose,  i-iv,  Berlin  and  Breslan, 
1833-8;  Leitgeb,  Untersachungen  Uber  die  Lebermoose,  i-vi,  Graz,  1874-81 ;  Ruge,  Beitnige  zur 
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become  independent  plants  through  the  dying  off  of  the  older  parts  behind 
(Fig.  42).  Frequently,  however,  special  propagative  organs  are  developed 
which  have  been  termed  gemmae  or  brood-buds^  and  of  these  some  examples 
must  be  given. 

I.   SEPARATION   OF   SPECIAL   TWIGS   FROM   THE  VEGETATIVE  BODY*. 

This  is  the  nearest  to  the  ordinary  processes  of  division.  In  its  simplest 
form  it  is  observed  in  Pellia  calycina.  Towards  the  close  of  the  vegetative 
period  of  this  plant  there  appear  upon  sterile  plants,  through  repeated 
forking  of  the  vegetative  point,  short-lived  branchings  filled  with  starch  and 
other  reserve-materials,  but  without  rhizoids  and  frequently  standing  erect 
and  overlapping  one  another.  These  readily  break  off,  and  clearly  exhibit 
a  primitive  form  of  gemma  (Fig.  43).     If  they  do  not  break  off  they  may 


Fig.  43.    Pellia  calycina.  Branching:  of  a  sterile  lobe 
of  the  thtulos  in  aatamn.  Seen  from  beiow.   Magnified. 


Fig.  44.    Pegatella  rapradecomposita.    Thallas 
with  three  gemmae  seen  from  below.     Magnified  i3. 


grow  in  the  succeeding  spring  as  ordinary  branches  of  the  thallus.  Fegatella 
supradecomposita  shows  a  further  stage  of  differentiation  of  these  branches. 
In  it  they  are  borne  upon  thin  stalks,  and  can  therefore  easily  separate 
(Fig.  44).  Superficially  they  resemble  the  similar  structures  in  Marchantia 
and  are  nearly  circular  flat  plates  with  a  vegetative  point  on  one  side  but  they 
differ  altogether  in  their  origin.  Whilst  the  gemmae  of  Marchantia  are  uni- 
cellular structures,  which  only  before  their  separation,  or  it  maybe  at  germi- 
nation, grow  into  cell-masses,  those  of  Fegatella  supradecomposita  are  merely 
modified  branches  of  the  thallus,  and  possess  a  series  of  scales  covering  the 
vegetative  point  in  the  manner  usual  amongst  the  Marchantieae. 


Kenntniss  der  Vegetationsorgane  der  Lebermoose,  in  Flora,  Ixxvii  (1893) ;  Schostakowitsch,  Cber 
die  Reprodaction  nnd  Regenerationsencheinongen  bei  den  Lebermoosen,  in  Flora,  Ixxix  (Eiganznngs- 
band  zam  Jahrgang  1894). 

^  We  leave  out  of  account  here  the  formation  of  tubers  which  will  be  referred  to  in  a  subsequent 
page.    See  p.  66. 
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2.     GEMMAE  (bROOD-BUDS)   FORMED   BY  GEMMA-CELLS   (bROOD-CELLS). 

All  Other  forms  of  gemmae  can  be  traced  back  to  a  construction  out  of 
gemma-cells  {brood-cells^  but  these  frequently  develop  so  far  on  the  mother- 
plant  that  it  is  impossible  sometimes  to  draw  a  sharp  limit  between  them 
and  adventitious  shoots.  This  is  particularly  the  case  within  the  cycle  of 
affinity  of  the  Metzgeriae.  Many  species  of  Aneura  have  duplex  gemma-cells 
which  fall  away  from  the  thallus.  They  are  discharged  from  their  mother- 
cells  with  a  slight  jerk  ^,  probably  by  swelling  of  the  inner  layers  of  the 
membranes  of  these ;  the  outer  portion  of  the  membrane  remains  behind. 
They  often  appear  in  large  numbers.  Allied  to  this  is  the  copious  forma- 
tion of  gemmae  in  Metzgeria  conjugata.  In  this  species  some  branches  of 
the  thallus  become  very  narrow  and  develop  as  supporters  of  the  gemmae. 
They  ascend  from  the  substratum,  and,  gradually  losing  their  dorsiventrality, 
they  become  radial,  whilst  the  gemmae,  which  appear  close  together  at  first 
and  only  upon  the  margin  of  the  branch,  are  found  later  upon  the  upper  and 
under  sides  of  the  thallus  as  well.  The  upright  position  evidently  favours 
the  distribution  of  the  gemmae.  The  gemmae,  at  the  moment  when  they 
are  shed,  are  in  the  form  of  concave  cell-plates,  with  a  vegetative  point 
having  a  two-sided  apical  cell,  from  which  a  new  thallus  is  formed  ^,  and  in 
the  process  of  shedding  a  remnant  of  the  wall  of  the  mother-cell  is  left 
behind  as  is  the  case  in  Aneura.  In  Metzgeria  furcata  adventitious  shoots 
are  regularly  developed  instead  of  the  gemmae,  and  each  of  them  proceeds 
from  a  single  cell  of  the  margin  or  of  the  midrib.  Gemmae  of  a  more  or  less 
advanced  stage  of  development  before  shedding  are  found  in  other  thallose 
Hcpaticae,  for  example  in  Marchantia  and  Lunularia,  in  which  they  have 
been  so  often  described,  and  also  in  Treubia,  Cavicularia,  and  Blasia. 
Blasia  has  two  kinds  of  gemmae :  the  one  is  a  nearly  spherical  cell-mass 
produced  in  a  flask-like  receptacle  with  a  long  neck,  out  of  which  it  is 
squeezed  through  the  swelling,  when  moistened,  of  mucilage  formed  by  the 
mucilage-papillae  at  the  base  of  the  receptacle  ' ;  the  other  is  a  gemma-scale 
at  the  base  of  which  there  is  to  be  seen  at  a  very  early  period  of  develop- 
ment the  cell  from  which  the  new  thallus  proceeds, — this  gemma-scale 
arises  upon  the  upper  side  of  the  thallus,  especially  upon  shoots  which  bear 
neither  sexual  organs  nor  receptacles  for  gemmae  *.  Cavicularia  has  gemmae 
whose  outer  cells  have  thick  walls,  and  each  of  them  has  an  excrescence 
which  has  perhaps  to  do  with  the  scattering  of  the  gemmae  by  animals. 


^  See  Goebel,  Die  Muscineen,  in  Schenk's  Handbnch  der  Botanik,  ii  (1882),  p.  338;    Ruge, 
Beitiage  zur  Kenntniss  der  Vegetationsorgane  der  Lebermoose,  in  Flora,  Ixxvii  (1893^  p.  307. 

*  In  Anenra  the  gemma  is  shed  before  these  landmarks  are  developed. 

'  This  also  takes  place  in  Marchantia,  bnt  in  a  less  pronounced  manner. 

*  These  gemma-scales  require  investigation  especially  in  their  biological  relationships.     A  similar 
dimorphism  of  gemmae  appears  probably  in  the  genns  Tetraphis  amongst  the  Musci. 
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A  description  of  the  formation  of  the  gemmae  in  the  several  forms  of 
Hepaticae  would  have  no  general  interest.  Their  appearance  is  sporadic 
within  cycles  of  affinity,  and  even  within  genera.  Anthoceros  glandulosus, 
for  example,  is  the  only  known  species  of  the  genus  in  which  they  are  found, 
and  in  it  they  take  the  form  of  oval  cell-masses.  Amongst  the  Marchantieae, 
Marchantia  and  Lunularia  alone  possess  them,  and  how  profusely  they  are 
distributed  in  these  genera  is  well  known  to  gardeners.  They  overrun  every 
pot  in  cultivation. 

The  occurrence  of  gemmae  produced  from  shoots  is  not  unknown  in  the 
foliose  Jungermannieae,  and  they  may  be  either  unicellular  or  before  their 


Pig.  45.  Lejennia.  Formation  of  (remmae.  i,  Lejeania  (Odontolejeunia)  inirabilis,  Steph.  Gemma ;  .S*,  apical 
cell ;  A^  point  of  attachment.  Rhixoids  in  the  form  of  long  tabes  have  developed  upon  the  under  side  from  smgle 
marginal  cells.  11,  III,  Lejennia  (Cololejeunia)  Goebelii.  II,  portion  of  a  leaf  with  three  gemmae  still  attachra  ; 
J,  J,  indicate  the  points  of  attachment  of  two  gemmae  which  have  fallen  off.  in,  gemma  with  four  anchoring- 
organs,  J,  and  two  apical  cells. 

separation  grow  into  cell-masses.  The  formation  of  gemmae  occurs  in  many 
species,  usually  upon  the  edge  or  upon  the  tip  of  leaves,  and  the  gemmae 
appear  then  often  as  long  branched  yeast-like  chains.  The  several  gemma- 
cells  separate  easily  from  one  another  in  moisture.  In  Lophocolea  bidentata 
aggr^ates  of  cells  loosely  joined  together  fall  from  the  leaves.  According  as 
the  formation  of  gemmae  takes  place  at  an  early  or  late  stage,  the  formation 
of  the  leaf  is  more  or  less  influenced  by  it,  and  variations  may  be  seen  upon 
one  and  the  same  shoot.  In  Scapania  nemorosa,  for  example,  only  the 
points  of  the  upper  lobes  of  the  lower  leaves  of  the  shoot  are  furnished  with 
gemmae;  their  formation  therefore  was  relatively  late.  On  the  leaves 
higher  up  the  under  lobes  of  the  leaves  are  first  concerned  in  the  formation 
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of  gemmae,  and  the  further  up  one  goes  the  more  is  the  development  of  the 
leaf-surface  hindered,  until  finally,  in  the  position  of  each  leaf  we  find  a  group 
of  gemmae  issuing  directly  from  the  segment  of  the  apical  cell.  The 
leaf-borne  gemmae  have  thus  become  stem-borne,  and  we  are  furnished  with 
an  instructive  example  of  a  gradual  transposition.  The  number  of  the  gem- 
mae in  such  cases  is  very  large,  as  many  as  a  thousand.  The  shoots  which 
bear  gemmae  in  many  species,  for  example  in  Calypogeia  Trichomanes,  are 
orthotropous,  as  are  those  of  Metzgeria  conjugata  ^.  In  the  genera  Radula^ 
Lejeunia-,  and  Colura'^,  gemmae  in  the  form  of  cell-surfaces  appear  upon  the 
leaves,  and  in  these  genera,  which  include  mostly  epiphytic  species,  they 
secure  a  rapid  fixation  to  the  substratum.  The  gemmae  of  Lejeunia  (Fig.  45) 
have  two  vegetative  points  out  of  which  shoots  may  subsequently  develop, 
and  they  are  furnished  with  anchoring-organs,  which  are  merely  arrested 
rhizoids  (Fig.  45, 1,  III).  The  example  figured  in  Fig.  45,  I  is  of  interest 
because  there  is  only  one  apical  cell,  probably  because  the  gemma  is 
anchored  not  by  its  middle  but  excentrically.  When  the  gemmae  of 
Lejeunia  have  two  apical  cells  (Fig.  45,  III),  a  leafy  plant  may  spring  out  of 
each  of  them,  but  the  apical  cell  may  also  grow  out  into  a  thallus  with 
a  continued  segmentation  of  a  two-sided  cell,  like  the  product  of  a  germi- 
nating spore.  Such  a  formation  of  thallus  takes  place  if  the  conditions  are 
unfavourable  for  the  formation  of  a  stem,  and  it  is  particularly  often  seen  in 
the  germinating  gemmae  of  Radula^  where  it  furnishes  the  young  plant 
with  a  firm  fixation  upon  its  substratum,  which  is  the  leaves  of  Spermophyta. 
These  relationships  of  the  development  of  the  gemmae  find  their  counter- 
part, both  physiological  and  morphological,  in  the  phenomena  of  the 
germination  of  the  spore*.  The  germination  of  the  gemma  conforms 
generally  with  that  of  the  spore.  In  Marchantia  and  Lunularia  this  is 
evidently  not  the  case,  but  in  these  genera  the  profile  disposition  of  the 
gemma,  as  in  Riella,  makes  it  impossible. 

It  is  easy  to  establish  that  there  is  often  a  certain  antagonism  between 
the  formation  of  gemmae  and  sexual  reproduction.  Gemmae  appear  either 
exclusively  or  preferably  upon  sterile  individuals.  Leitgeb,  however,  observed 
them  upon  the  tips  of  the  leaves  about  the  antheridia  in  Scapania  nemorosa, 
and  Nees  von  Esenbeck  recorded  the  occurrence  of  'Jungermannia  Sphagni,' 
bearing  sporogonia  and  gemmae  at  the  same  time. 

When  the  phenomena  of  regeneration  were  discussed,  it  was  shown  that 


*  See  p.  49. 

'  See  Goebel,  Morphologische  and  biologische  Studien :  I.  Uber  epiphytische  Fame  and  Musci- 
ocen,  in  Annales  da  Jardin  botanique  de  Bnitenzorg,  vii  (1888),  p.  49. 

*  See  Goebel,  op.  dt..  Figs.  60-67. 

*  Goebel,  Die  Musdneen,  in  Sdienk's  Handbadi  der  Botanik,  ii  (i88a),  p.  339;  Rage,  Beitiiige 
2ar  Kenntniss  der  Vegetationsorgane  der  Lebennoose,  in  Flora,  Ixxvii  (1893);  Sdiostakowitsch, 
Ober  die  Reprodaction  and  Regenerationserscheinungen  bei  den  Lebermoosen,  in  Flora,  Ixxix 
(Erganzungsbond  znm  Jahrgang  1894"^. 
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the  Hepaticae  have  a  rich  capacity  of  regeneration  ^,  especially  by  severed 
portions,  and  that  there  is  a  difference  between  them  and  Musci  in  this 
respect.  In  the  Musci,  regeneration  always  begins  by  the  formation  of  the 
protonema  characteristic  of  the  germination  of  the  spore,  but  in  the  Hepaticae 
cell-masses  are  produced  in  regeneration,  even  although  the  spore  forms 
cell-surfaces  or  cell-threads  in  germination.  I  have  been  led  by  my  inves- 
tigations to  the  view  that  every  cell  in  the  Hepaticae  has  the  latent  capacity 
to  develop  further  like  the  spore,  but  this  is  only  called  forth  if  there  is 
an  enfeeblement  of  the  vegetative  body.  The  proof  of  this  was  especially 
afforded  by  Metzgeria  furcata  ^  in  which  under  definite  conditions  the  cells 
did  not  grow  out  as  usual  directly  into  *  adventitious  shoots,*  but  into  cell- 
rows  just  as  in  the  germination  of  the  spore ;  and  in  support  of  this  is  an 
observation  of  Leitgeb  that  upon  old,  that  is  in  my  view  enfeebled,  plants 
of  Jungermannia  bicuspidata,  cells  of  the  surface  of  the  stem  could  grow  out 
into  tubes  like  germ-tubes  and  form  a  shoot  at  their  apex.  In  like  manner 
on  the  old  leaves  of  Lophocolea  bidentata,  and  of  a  tropical  species  of 
Lejeunia  which  I  observed,  the  same  phenomenon  may  be  noted.  This 
subject  cannot  be  discussed  further  here,  but  the  facts  are  of  the  greatest 
importance  for  our  comprehension  of  the  development,  although  little 
attention  is  given  to  such  phenomena  in  our  times  when  the  microtome  is  so 
popular  an  instrument. 

HI 

PHENOMENA   OF   ADAPTATION   OF  THE   VEGETATIVE 
ORGANS   OF   HEPATICAE 

I.     RELATIONSHIPS   TO    WATER. 

The  anatomical  structure  of  the  vegetative  body  of  the  Hepaticae  is 
quite  different  according  as  it  has  or  has  not  to  take  up  water  directly  from 
the  outside.  A  high  anatomical  differentiation  is  only  reached  in  those 
Hepaticae  which  possess  a  vegetative  body  of  which  the  surface  cannot  be 
wet.  But  such  forms  may  revert  again  to  a  simpler  relationship.  It  is 
easy  to  satisfy  oneself  that  a  Riccia,  excepting  Riccia  fluitans,  or  a  Mar- 
chantia,  cannot  be  directly  wet  by  water  like  a  Pellia  or  one  of  the  foliose 
Hepaticae,  and  this  gives  us  the  clue  to  their  diverse  structure  which  finds 
a  parallel  in  the  differentiation  of  tissues  of  the  higher  plants. 

Most  of  the  Hepaticae  are  hygrophilous  and  live  in  a  moist  medium,  where 
they  are  seldom  exposed  to  the  danger  of  long  drought,  and  therefore,  as  is 


^  See  Part  I,  p.  48. 

*  See  Goebel,  Archegoniatenstudien :  VIII.  Ruckschlagsbildnngen  and  Sprossung  bei  Metzgeria,  in 
Flora,  Ixxxv  (1898),  p.  69. 
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the  case  with  the  lichens,  the  number  of  forms  of  the  Hepaticae  is  greater 
as  we  approach  moist  mountainous  regions.  Epiphytic  forms  and  those  in 
unsheltered  localities  are  subjected  occasionally  to  a  want  of  water,  and  they 
are  endowed  partly  with  the  capacity  of  resisting  drought  of  short  duration, 
and  partly  with  special  contrivances  to  retain  water.  These  contrivances 
also  occur  in  terrestrial  forms  and  in  extraordinary  abundance  in  many 
species. 

I.  ARRANGEMENTS  FOR  THE  RETENTION  OF  WATER. 

The  arrangements  for  securing  the  retention  of  water  imply  a  copious 
absorption  of  it.  Their  value  to  the  plant  is  that  even  in  drought  the  most 
delicately  constructed  forms  are  able  to  carry  on  the  phenomena  of  their 
life,  especially  assimilation  ^  and  the  longer  the  water  is  retained  the  longer 
and  the  more  actively  will  their  life-processes  be  maintained.  Hepaticae  in 
the  tropics  frequently  live  upon  the  leaves  of  the  higher  plants  from  which 
water  readily  flows  off,  and  therefore  we  find  in  them  arrangements  for 
retaining  water  even  in  species  which  live  in  the  wettest  tropical  hill- 
regions.  Species  of  Physiotium  furnish  an  example.  In  these  species  we 
have  to  deal  with  a  relationship  similar  to  that  observed  in  Sphagnaceae, 
which,  growing  in  localities  which  are  always  moist,  have  nevertheless 
a  most  remarkable  contrivance  for  taking  and  retaining  water.  Why  should 
this  be  so  ?  I  find  nothing  about  it  in  the  literature  of  Botany.  The 
Sphagna  chiefly  live  upon  rain-water^  and  they  take  consequently  ash- 
constituents  from  the  substratum  in  only  very  small  amounts  ^ ;  they  must 
therefore  give  off"  by  evaporation  a  large  quantity  of  water.  Similarly  the 
Hepaticae  which  live  in  the  wet  hill-regions  take  their  necessary  water  from 
clouds  and  rain  which  contain  but  little  nutritive  matter,  so  that  a  large 
volume  of  water  is  necessary  for  them. 

Although  the  arrangements  for  retaining  water  are  essentially  the  same 
in  thallose  and  foliose  forms,  it  will  be  more  instructive  if  we  look  at  the 
two  series  separately. 

A.     In  Thallose  Forms. 

a.  J  UNGERMANNIACEAE.  The  following  are  illustrations  in  this  series: — 
Anenra  endiviaefolia  is  represented  in  Fig.  46.  As  its  name  indi- 
cates the  thallus  resembles  a  curled  leaf  of  endive  because  the  branches  are 
curved  inwards  and  downwards,  and  they  thus  provide  in  the  thallus  a  sort 
of  spongy  construction  which  is  favourable  to  the  retention  of  water.  The 
branches  of  the  higher  order  differ  from  the  chief  axes  in  having  a  one- 

'  Goebel,  Archegoniateostadien :  V.  Die  Blattbildiing  der  Lebermoose  und  ihre  biologische 
Bedentmig,  in  Flora,  Ixxvii  (1893),  p.  439.  Air-dried,  still  living  Frullauia  after  eight  hours*  exposure 
to  iUnmiiiation  had  decomposed  no  carbon-dioxide.  See  also  Jonsson,  Recherches  sur  la  respiration 
«t  rasrimilation  des  Mnsdn^  in  Comptes  Rendus,  cxix  (1894).  He  comes  to  the  same  con- 
clusion : — *  the  more  considerable  the  proportion  of  water,  the  more  intense  is  the  gaseous  exchange.* 

'  This  interpretation  was  first  given  to  me  by  my  deceased  friend  Sachs. 
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layered  cell-surface  except  at  the  midrib.  Similar  arrangements  occur  in 
some  Javanese  species  of  Aneura  (Pseudoneura).  An  investigation  of 
living  plants  is  required  to  determine  whether  the  marginal  cells  of  the 
thallus  in  species  of  Aneura  absorb  water. 

Aneura  hymenophylloides 
behaves  in  a  similar  manner  (Figs. 
47,  48).  Its  thallus  in  some 
measure  resembles  the  feather- 
branched  leaf  of  a  species  of 
Hymenophyllum,  and  it  possesses 
an  excellent  arrangement  for  re- 
taining water.  The  tips  of  the 
thallus  are  all  strongly  incurved 
downwards,  and  the  branches, 
placed  in  two  rows  upon  the 
chief  axis,  converge  by  their  under 
sides,    each    branch    having    its 


Fig.  46.  Aneura  cndtviaefolia.  Portion  of 
thai  las  8een  from  below.  The  twies  are  curled 
inwards  and  downwards.     Magnified  Q. 


Fig.  47.    Aneura  hymenophylloides.    Seen  in  profile. 
•        '    •      ■  *  '      II  the 


The    v^etative    point  of  the  long  shoot   and    all  the 
branches  are  curved  inwards  ana  downwards.     *' 


nified  8. 


edges  concave  downwards  (Fig.  48,  2,  3).  In  addition,  the  thin-walled 
cells  of  the  surface  of  the  thallus  are  frequently  convex  outwards,  and 
are  excellently  arranged  for  the  retention  of  water.  The  branch-system 
does  not  lie  upon  a  siibstratmn^  and  a  consideration  of  Fig.  48  will  show 
the  important  difference  there  is  between  the  cellular  construction  in  the 
chief  and  lateral  axes. 

Aneura  fuegiensis  (Fig.  49)  exhibits  other  arrangements.     Upon  the 
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under  side  of  the  thallus  we  find  lamellae,  most  numerous  upon  the  chief 
axis,  becoming  always 
fewer  upon  the  lateral 
axes  of  higher  order. 
The  margin  of  these 
lamellae  is  not  smooth, 
but  is  provided  with 
pluricellular  *  hairs/ 
which  increase  the  ef- 
ficiency of  the  whole 
as  a  sponge.  The  cell- 
walls  of  the  lamellae 
are  thickened  at  their 
comers  as  they  are  in 
the  cells  of  the  leaves 
of  many  foliose  forms. 
One  may  compare  the 
lamellae  with  leaves 
inserted  longitudinally, 
and  they  arise  like  the 
amphigastria  of  Fos- 
sombronia,  each  one 
behind  a  mucilage- 
papilla.  They  do  not, 
however,  nm  over  the 
whole  length  of  the 
thallus.  In  the  lateral 
shoots  of  a  higher  order 
a  lamella  is  not  formed 
behind  each  mucilage- 
papilla. 

Metzgeria.  Our 
indigenous  species  of 
Metzgeria  have  no 
special  arrangements 
for  retaining  water  if 
we  except  the  papillae 
with  which  the  thallus 
of  Met^eria  pubescens 
is  covered.  On  the  other 
hand  Metzgeria  saccata  \  which  lives  between  mosses  on  the  bark  of  trees  in 


Fig.  48.  Aneara  hymenophyllotdcs.  i,  chirf  axis.  2,  axis  of  the  first 
order.  3,  axis  of  the  second  order.  All  in  transverse  section.  Highly 
magnified. 


Fig.  49.  Aneara  fuegiensis.  Thallus  in  transverse  section, 
showing  the  lamellae  apon  the  ander  side  as  celUrows.  Between 
these  lamellae  water  ia  neld.    Highly  magnified. 


'  See  Goebel,  ArchegonUtenstudien :  V.  Die  BlattbilduDg  der  Lebermoose  und  ihre  biologische 
HedentuDg,  in  Flora,  Ixxvii  (1893),  p.  425,  Fig.  i. 
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New  Zealand,  possesses  water-sacs  like  those  on  the  auricles  of  the  leaves 
of  Frullania,  or  like  those  which  have  yet  to  be  described  in  Dendroceros 
foliatus  (Fig.  51).  On  the  edge  of  the  thallus  are  found  vesicular  or  hood- 
like appendages  which  are  laid  down  near  the  apex  by  the  concave 
infolding  of  isolated  parts  of  the  thallus.  These  become  larger,  fill  with 
water,  and  so  serve  as  water-sacs. 

b.  Anthoceroteae.      Several  species  of  Anthoceroteae  repeat  the 
arrangements  which  have  been  described  above  in  thallose  Jungermannieae. 

AnthooeroB.  Our  indigenous 
Anthoceros  punctatus  has  upon 
the  upper  side  of  the  thallus  pit- 
like depressions  which  retain 
water.  A.  arachnoideus  ^  has, 
instead  of  these,  a  net-work  of 
low  intersecting  ridges,  to  which 
we  must  ascribe  the  same  signifi- 
cance. On  the  other  hand,  A. 
fimbriatus  (Fig.  50)  is  provided 
with  a  crisped  one-layered  cell- 
surface  at  the  margin  of  its  many- 
layered  thallus,  giving  it  a  strik- 
ing appearance  as  it  grows  upon 
the  Cordilleras  of  Merida.  The 
marginal  fringe  arises  out  of  the 
*  middle  lobe '  in  the  forking  of 
the  thallus*-^,  and  it  reminds  us 
of  the  relationships  which  have 
been  described  in  Aneura  endi- 
viaefolia^. 

Dendrooeros.  The  remark- 
able relationships  of  Dendroceros 
foliatus  (Fig.  51)  were  touched  upon  when  speaking  of  the  formation  of 
leaves,  and  it  was  shown  that  on  the  edge  of  the  thallus  cap-like  formations 
are  found  which  are  partly  laid  down  as  special  shoots  at  the  vegetative 
point  and  partly  proceed  from  the  middle  lobes.  These  structures  have 
evidently  the  same  significance  as  the  water-sacs  of  Metzgeria  saccata. 
The  same  arrangement  is  found  in  Karsten's  Dendroceros  inflatus.  The 
cells  in  the  one-layered  surface  of  the  thallus  of  Dendroceros  frequently 
separate  from  one  another,  and  the  schizogenetic  intercellular  spaces 
increase  the  spongy  nature  of  the  whole  thallus. 


I'^'IG.  50.  Anthoceros  fimbriatus.  Portion  of  a  thallus 
seen  from  below ;  the  rhizoids  are  not  shown.  The  one- 
layered  crisped  lobes  at  the  edge  hold  water.    Magnified. 


*  See  Stephani,  Colenso's  New  Zealand  Hepaticae,  in  Jonrnal  of  the  Linnean  Society,  Botany, 
xxix  (189a),  p.  265.  '  See  p.  ai  and  Fig.  14. 

'  See  p.  53 ;  adventitious  shoots  may  arise  from  them. 
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These  examples  show  that  in  different  cycles  of  affinity  the  thallose 
Hepaticae  exhibit  analogous  adaptations.  When  we  deal  with  formation  of 
tubers  we  shall  find  additional  evidence  of  this. 

B.     In  Foliose  Perms. 

As  has  been  shown  in  the  description  of  the  formation  of  leaves, 
adaptations  appear  upon  these  which  make  possible  the  retention  of  water. 
They  are  indeed  abundant,  but  are  almost  entirely  wanting  in  plants  which 
grow  in  moist  localities. 

A.      PARAPHYLLIA. 

The  shoot-axis  may  share 
in  such  adaptations  by  the  for- 
mation of  outgrowths,  which  after 
the  analogy  of  the  Musci  we  may 
name  paraphyllia.  These  are 
known  in  two  genera  which  are 
not  systematically  nearly  allied, 
Trichocolea  and  Stephaniella. 

Triohooolea.  They  have 
been  longest  known  in  Tricho- 
colea tomentella\  but  nothing 
has  been  said  regarding  their 
iiinction.  I  find  them  only  upon 
the  upper  side  and  upon  the  flanks 
of  the  stem,  in  the  form  of  simple 
or  branched  cell-threads  like  those 
which  are  found  upon  the  leaf-edges  ^  and  they  make  the  whole  plant  a 
spongy  mass.  Trichocolea  paraphyllina  shows  the  same  features.  The 
paraphyllia  without  doubt  act  like  the  lamellae  upon  Aneura  fuegiensis 
and  upon  the  leaves  of  Polytrichum. 

Stephaniella.  Stephaniella  paraphyllina^  is  a  xerophilous  form  with 
remarkable  formation  of  *  roots '  which  will  be  described  later  *.  The  leaves 
in  this  plant  are  hardly  organs  of  assimilation  ;  they  lose  very  early  their 
chlorophyll  and  become  mere  covers  for  the  stem-bud  and  for  the  para- 
phyllia which  clothe  densely  the  surface  of  the  shoot-axis  and  are  at  once 
an  apparatus  for  holding  water  and  organs  of  assimilation  *. 


Fig.  51.  Dendroceros  foliatns.  Seen  from  above.  The 
*  middle  lobes*  are  reoog^nised  by  their  emargination,  and  the 
other  hood-like  structures  are  the  *  leaves.* 


*  Nees  voD  Esenbeck,  Naturgeschichte  der  europaischen  Lebermoose,  ill,  p.  109,  mentions  them 
in  this  species,  bnt  erroneonsly  calls  them  *  leaf-appendages.*  "^  See  p.  58. 

*  Sec  Jack,  Stephaniella  paraphyllina.  Jack.,  nov.  gen.  Hepaticarum,  in  Hedwigia,  xxxiii  (1894), 
p.  II.  *  See  p.  70. 

'  In  Trichocolea  the  assimilatory  activity  of  the  paraphyllia  is  subordinate  because  the  leaves 
retain  chlorophyll. 
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B.      LEAVES   AND    PARTS   OF   LEAVES   AS    WATER-RESERVOIRS. 

A  transformation  of  the  leaves  themselves  more  frequently  provides  the 
mechanism  for  retaining  water  than  does  the  formation  of  paraphyllia. 

I .  Aggregation  of  Leaves.  Of  the  simplest  case,  where  capillary 
chambers  are  formed  by  the  close  aggregation  of  leaves,  as  is  the  case  in 
Musci,  we  need  not  say  much  ;  only  this,  that  in  different  genera  there  are 
species  which  hang  in  the  form  of  strands  from  tree-branches,  for  example 
Frullania  atrosanguinea,  F.  atrata,  Lejeunia  lumbricoides  ^,  in  which  the 
lateral  leaves  are  not  expanded  flatly,  as  usual,  but  are  incurved  so  as  to 
form  with  the  relatively  large  amphigastria  a  system  of  capillary  chambers 
around  the  whole  stem. 

Of  other  arrangements  the  following  may  be  noticed  : — 

2.  Outgrowths  in  the  form  of  Cell-rows 
OR  Cell-surfaces  upon  the  Margin  or  the 
Surface  of  the  Leaf  : 

Trichooolea.  In  Trichocolea  tomentosa  we  find 
a  number  of  branched  cell-rows  springing  from  the 
margin  of  the  leaf,  and  they  also  proceed  from  the 
under-surface  of  the  leaf.  They  spread  out  in  all 
directions  and  thus  construct  a  spongy  mass. 

Lophocolea.  In  less  degree  the  same  thing  is 
found  in  Lophocolea  muricata^. 

Gottsohea.    In  species  of  Gottschea  ^  one  or  more 
FiG.s^i.  Frullania  Tama,     lamellae  Spring  from  every  leaf,  and  they  form    in 
brfow.^^'t'^iSpliigS^^^^  Gottschea  sciurea  a  remarkable  water-apparatus. 

SJm'^rSSiehX'thS  3-  By  Transformation  of  Individual  Por- 

ofiKariobVif^h^l^^^^^      TIONS      OF      THE     LEAF     WaTER-RESERVOIRS     ARE 

r,  upper  lobe  of  the  leaf.  The        T\r-x7XT^  rw^T^-r. 
•stylus     auriculae'    is    not        DEVELOPED: 

s  own.    agni  63.       r .  ^     yy^^  U7tder  lobc  of  the  leaf  is  so  laid  against 

the  upper  lobe  that  the  two  form  a  pocket-like  or  pitcher-like  organ.  This 
occurs  in  Radula  (Fig.  76),  Phragmicoma,  Lejeunia,  and  others.  These 
organs  have  been  called  auricles  *. 

Lejeunia.  Heterophylly,  a  division  of  labour  amongst  the  leaves,  b 
a  conspicuous  feature  in  species  of  Lejeunia  (Ceratolejeunia).     Upon  the 


*  See  Goebel,  Archegoniatenstudien :  V.  Die  Blattbildung  der  Lebermoose  und  ihre  biologische 
Bedentnng,  in  Flora,  Ixxvii  (1893),  p.  431,  Plate  viii  and  ix.  Figs.  1,2. 

'  See  Goebel,  op.  cit.,  p.  430,  Plate  viii  and  be,  Fig.  3. 

'  See  Goebel,  op.  cit.,  p.  430,  Plate  viii  and  ix,  Fig.  18;  id.  Morphologische  und  biologische 
Stndien :  I.  Uber  epiphytische  Fame  und  Mnscineen,  in  Annales  du  Jardin  botanique  de  Buitenzorg, 
vii(i888),  Plate  v.  Fig.  53. 

*  With  regard  to  their  configuration  see  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  P*  '7S» 
Figs.  78,  79.  Although  this  was  published  in  1889  it  has  recently  been  asserted  that  these  structures 
have  not  been  recognized  hitherto. 


Digitized  by 


QjOo^^ 


LEAVES  AS  WATER-RESERVOIRS 


59 


leaves  at  the  base  of  the  lateral  shoots  one  or  two  relatively  large  water- 
sacs  are  formed,  and  there  is  almost  no  free  leaf-surface,  whilst  on  the  upper 
leaves  many  small  sacs  occur,  and  there  is  a  large  leaf-surface  formed  by 
the  upper  lobe. 

Badola.     Radula  pycnolejeunioides  ^  is  still  more  specialized.     It  has 
short   shoots,  the   leaves   of  which    become    altogether   narrow-mouthed 


Fig.  55.    Polyotns  davigca.    Both  on  the  ajnphifrastria  and  on  the  lateral  leaves  there  are  water-sacs,  one  to 
two  on  each  amphigastnam,  one  on  each  lateral  leaf.    Magnified. 

water-sacs,  with  no  free  leaf-surface;  whilst  on  the  leaves  of  the  long 
shoots  the  leaf-surface  is  quite  conspicuous. 

B.  T/te  under  lobe  of  the  leaf  is  laid  against  the  tipper  lobe,  but  the  under 
lobe  alone  constitutes  tlie  water-reservoir  ;  it  is  concave  upon  the  morphologic- 
ally 2ipper  side,  not,  as  in  the  previous  case,  upon  the  under  side,  Frullania 
(Fig-  53)  and  Polyotus  (Fig.  53)  supply  examples. 

Frallania.  In  Frullania  the  under  lobe  of  the  leaf  is  much  smaller 
than  the  upper  lobe  ;  it  is  concave  upwards  and  forms  a  hood- like  structure, 


'  See  Gocbel,  Archegoniatenstndien :  V.  Die  Blattbildung  der  Lebennoose  und  ihre  biologische 
Bedentnng,  in  Flora,  licxvii  (1893),  p.  433. 
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beside  which  stands  a  shorter  body  having  a 


Fig.  54.  Colura  tortifolia.  Beside  each  lateral  leaf  is  an 
amphijrastnam  at  the  base  of  which  rhizoids  develop.  The 
sac  of  the  lateral  leaves  is  turned  with  its  point  outwards,  not 
well  represented  in  the  Bj^iire.  At  ^  a  branch  bearine  anthe< 
ridia.  The  figure  does  not  show  a  characteristic  developnient 
of  Colura,  namely  that  the  leaves  stand  away  from  the  sub- 
stratum.   Magnified  30. 

relation  to  external  factors.     According  as 


tip  ending  in  a  muciJage-papilla, 
the  so-called  'stylus  auriculae'  ^ 
Here  as  in  other  cases  the 
water-receptacle  is  so  formed 
that  there  is  no  wide  opening  to 
the  outside  so  that  the  water  can 
only  slowly  evaporate,  and  is 
taken  up  in  great  part  by  the 
cells  of  the  leaf^ 

Folyotus.  The  genus  Poly- 
otus,  as  its  name  indicates,  is 
richly  provided  with  water-sacs. 
We  find  *  auriculae '  not  only  on 
the  lateral  leaves  but  also  on 
the  amphigastria  (Fig.  53),  and 
the  lateral  leaves  in  many 
species  are  provided  with  mar- 
ginal cell-rows  which  increase 
the  sponge- like  character. 

All  the  species  of  Radula, 
Lejeunia,Frullania,and  Polyotus 
have  water-sacs  more  or  less 
developed,  but  there  are  some 
genera,  for  instance  Plagiochila, 
Chiloscyphus,  and  Jungerman- 
nia  in  which  they  occur  only  in 
isolated  species:  in  Plagiochila 
cucullifolia  ^,  Chiloscyphus  de- 
cipiens,  C.  cymbaliferus,  Jun- 
germannia  curvifolia.  I  have 
proved  that  the  formation  of 
the  water-sac  is  retarded  in 
Frullania  if  it  be  cultivated  for 
a  long  time  in  moisture.  The 
formation  of  the  water-sac  is 
therefore  an  adaptation  in  direct 
these  influences  affect  the  genus 


*  The  secretion  of  mucilage  only  takes  place  in  youth,  and  serves  for  the  protection  of  the  ttem-bud. 

^  With  regard  to  *  Frullania '  comigera  and  others  see  Goebel,  Pflanzenbiologische  Schildemngen, 
i  (1889),  p.  182,  Fig.  82  ;  id.  Archegoniatenstudien  :  V.  Die  Blattbildung  der  Lebermoose  und  ihre 
biologische  Bedeutung,  in  Flora,  Ixxvii  (1893),  p.  444. 

'  See  Goebel,  Morphologische  und  biologische  Studien  :  IV.  Uber  javanische  Lebermoose ;  4,  Eine 
javanische  Plagiochila  mit  Wassersacken,  in  Annales  du  Jardin  botanique  de  Buitenzorg,  ix  (1891), 
p.  34. 
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early  or  late  in  its  history  will  the  character  of  adaptation  be  of  use  or  not 
as  a  systematic  mark. 

C.  Water-sacs  which  are  closed  by  a  hinged  valve.  The  genera  Colura 
(Colurolejeunia)  (Figs.  54,  55)  and  Physiotium  (Figs.  56,  57,  58)  exhibit  the 
most  highly  developed  adaptations  for  retaining  water.  They  have  water-sacs 
the  opening  of  which  is  closed  by  a  hinged  valve.  The  valve  crumples  up 
in  drought  and  opens  the  water-sac,  in  moisture  it  spreads  out  and  closes  it ; 
and  the  arrangement  is  like  that  which  occurs  in  the  utricles  of  Utricularia. 

Gk>liira.  Colura  tortifolia  (Fig.  54)  is  an  epiphytic  species  which  grrows 
in  South  America  ^  The  number  of  the  amphigastria  it  is  easy  to  see  in 
the  figure  is  double  *  that  in  the  other  foliose  Hepaticae.  The  end  of  each 
lateral  leaf  takes  on  the  form  of  a  club-like  sac  into  which  a  tube  leads.  - 
There  are  two  things  to  notice  in  the  development  of  the  leaves  of  Colura. 
First  of  all  the  under  lobe  of  the  leaf  is  rolled  inwards  against  the  upper 
lobe  as  in  Lejeunia.  It  may  become  concrescent  with  the  upper  lobe  and 
thus  form  the  closed  tube  leading  to  the  terminal  club-shaped  sac.  The  sac 
itself,  which  is  not  found  in  Lejeunia,  is  the  result  of  an  increased  growth 
in  sur&ce  of  that  part  of  the  leaf  which  lies  immediately  above  the  tube 
just  mentioned.  The  club-shaped  sac  arises  then,  not,  as  previous  writers 
have  assumed,  by  inrolling,  but  in  exactly  the  same  way  as  the  water-sac  of 
Frullania ;  and  it  is  to  be  noted  that  the  first  sac-forming  leaves  which 
appear  upon  the  germ-plant  ^  of  Colura,  after  a  few  flat  leaves  have  been 
formed,  conform  in  their  configuration  with  these  water-sacs  in  Frullania, 
and  especially  in  the  mouth  of  the  sac  which  is  directed  downwards  being 
not  yet  closed  by  a  lobe.  But  the  club-shaped  sac  here  chiefly  proceeds 
from  the  upper  lobe,  the  inrolled  under  lobe  of  the  leaf  only  forms  the 
narrow  tube  leading  up  to  the  sac.  The  original  apex  of  the  leaf  stands 
subsequently  at  the  entrance  to  the  club-shaped  sac,  and  at  this  point  the 
club-shaped  papillae  on  the  under  lobe  which  secrete  mucilage  are  found 
chiefly.  It  is  extremely  remarkable  that  the  entrance  to  the  sac  is  closed  by 
a  valve  (Fig.  55).  This  lies  upon  a  frame  produced  by  a  special  outgrowth 
and  partial  overlapping  growth  of  some  cells  of  the  wall  of  the  sac.  The 
valve  is  derived  from  a  marginal  cell  of  the  under  lobe  of  the  leaf.  It  has 
at  its  base  a  joint  *  which  provides  that  the  valve  can  easily  be  bent  inwards 

'  For  a  descriptiou  of  the  configuration  of  the  leaf  see  Goebel,  Morphologische  und  biologische 
Stiidien  :  I.  Uber  epiphytische  Fame  nnd  Mnscineen,  in  Annates  du  Jardin  botanique  de  Buitenzoig, 
rii  (1888),  p.  33:  IV.  tJber  javanische  Lebennooae;  3,  Colura  ornata,  Gocb.,  ibid,  ix  (1891),  p.  a8; 
id.  Archegoniateostudien :  V.  Die  filattbildung  der  Lebermoose  und  ibre  biologische  Bedeutung,  in 
Form,  Ixxrii  (1893),  p.  437. 

'  This  is  brought  about  by  the  formation  of  a  ventral  segment  after  each  lateral  s^;ment  of  the 
apical  celL 

*  For  the  germination  of  Colura  omata  see  Goebel,  Morphologische  und  biologische  Studien :  IV. 
Cber  jaTanische  Lebermoose ;  3,  Colura  ornata,  Goeb.»  in  Annales  du  Jardin  botanique  de  Buitenzorg, 
ix  (1891),  p.  38. 

'  The  structure  of  the  joint  is  not  alike  in  all  species ;  for  details  see  Goebel,  Archegoniatenstudien : 
v.  Die  Blattbilduog  der  Lebermoose  nnd  ihre  biologische  Bedeutung,  in  Flora,  Ixxvii  (1893). 
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whilst  the  frame  upon  which  it  lies  prevents  its  opening  outwards.  When 
the  sac  becomes' emptied  of  water  there  can  be  little  doubt  that  as  in 
Physiotium  it  is  opened  by  a  crumpling  up  of  the  valve. 

I  observed  Colura  tortifolia  in  British  Guiana  living  upon  the  leaves  of 
trees.  The  leaves  were  not,  as  in  other  Hepaticae  which  live  upon  leaves, 
adpressed  to  the  leaf  but  directed  upwards^.  The  valve  has  here  then  not 
merely  to  hinder  a  free  evaporation  of  water,  but  also  the  flowing  back  of 
water,  and  to  this  end  the  capillarity  of  the  narrow  sac  is  favourable.  No 
animals  were  found  in  the  sac,  but  these  inhabitants  will  be  referred  to 
subsequently. 


Fig.  55.  Colnra  Karsteni.  Dia- 
grammatic long[itudinal  section 
through  the  saccate  leaf  at  right 
angles  to  the  closing  valve.  K^  valve  ; 
lv\  the  frame  upon  which  the  valve 
lies.  The  valve  has  a  joint  below 
and  can  only  open  inwards  in  the 
direction  to  which  the  arrow  points. 


Fig.  56.  I  and  4,  Physiotium  giganteom.  a,  3,  and  5,  Fh3rsiotmm 
cochleanforme.  i,  stem  seen  from  below.  Through  the  water-sacs  the 
depressions  in  which  the  apertures  of  entrance  lie  are  visible,  z,  stem- 
apex  from  above ;  two  young  water-sacs  vinble.  3,  young  water-sac 
seen  from  in  front ;  (7,  upper  lobe  of  the  leaf ;  //,  upper  part  of  the 
under  lobe.  ±,  water-sac  m  section  through  the  middle.  5,  longitudinal 
section  through  the  point  of  origin  of  the  valve.  The  hinge  is  indicated 
by  smaller  cells. 


Physiotium.  The  remarkable  configuration  of  the  leaves  of  Physiotium 
next  require  notice.  Physiotium  is  a  genus  inhabiting  cool  moist  hill- 
regions  in  various   parts   of  the   tropics.      In   Europe   only  one   species. 


'  This  is  true  probably  of  all  species  of  Colura,  at  any  rate  of  the  beautiful  large  Colura  Karsteni ; 
see  Goebel,  Archegoniatenstudien :  V.  Die  Blattbildung  der  Lebermoose  und  ihre  biologische 
Bedeutung,  in  Flora,  Ixxvii  (1893),  p.  427. 
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P.  cochleariforme,  remains  as  a  relic  of  preglacial  times  in  the  same  situations 
as  the  Hymenophyllaceae  which  share  with  it  its  history.  Rhizoids  are  not 
present  in  the  European  species,  of  which  I  have  examined  h'ving  specimens 
in  Norway.  The  water- 
sacs  in  the  genus  are  very 
large,  and  are  complete- 
ly closed  but  for  the 
special  aperture  of  en- 
trance. Their  arrange- 
ment is  shown  in  the 
transverse  section  repre- 
sented in  F^.  57,  and 
from  itwe  learn  that  am-  | 
phigastria  are  not  pre-  1 
sent.  This  happens  be- ' 
cause  there  is  a  two-sided 
apical  cell  and  not  a  \ 
three-sided  one,  as  is  the 
case  in  all  the  Hepaticae 
which  have  been  men- 
tioned until  now  ;  consequently  only  two  rows  of  segments  forming  leaves  are 
produced  ^  The  development  of  the  water-sac  cannot  be  described  here, 
but  it  is  noteworthy  that  the  whole  of  the  lower  half  of 
the  segment  is  not  used  in  its  formation,  and  that  an  out- 
growth on  the  upper  side  takes  a  part  in  its  construction, 
as  is  the  case  in  Frullania  cornigera.  In  Physiotium  micro- 
carpum  we  find,  as  in  some  other  species,  a  very  simply 
constructed  water-sac,  the  nature  of  which  may  be 
understood  by  a  reference  to  Fig.  58, — water-sacs  are 
usually  more  complex  (see  Fig.  56).  They  have  a 
narrow  mouth  which  lies  in  a  depression.  The  special 
exit  is  bounded  by  two  portions  of  the  wall  of  the  sac, 
lying  upon  one  another  like  valves  of  a  mussel,  of  which 
the  one  is  stiff  the  other  is  movable  at  a  joint.  The  valve 
consists  of  dead  cells  with  delicate  outer  walls,  and  it 
shrivels  when  water  is  withdrawn  from  it,  and  thus  gives 
a  free  entrance  into  the  sac.  At  its  base  it  possesses  a 
jdnt  like  that  in  Colura.  The  water  which  is  contained  in 
the  sac  must,  excepting  a  very  small  fraction  of  it,  before  evaporation  pass 


Fig.  57.     Physiotium  conchaefolium.    Stem-bud  in   transverse  section. 
,  high  up ;  apical  cell  visible.    2,  lower  down.    Magnified. 


Physiotiun) 
n.  Diss 


Fig.  58.  ,. 
microcarpum.  Dissected 
and  spread-out  leaf.  To 
the  left  the  simply-con- 
structed water-sac.  It  is 
scaphoid  and  has  a  wide 
opening.  Uponthenpper 
side  of  the  leaf  a  lamella 
springs  out  which  em- 
braces the  point  of  inser- 
tion of  the  water-sac. 
Magnified. 


'  The  germination  of  Physiotium  is  still  rmknoAvn.  It  would  be  interesting  to  know  whether  in 
course  of  the  individnal  development  there  is  a  transition  from  the  three-sided  to  the  two-siddd 
tpical  cell  as  is  the  case  in  some  Musci,  for  example  in  Fissidens. 
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through  the  wall  of  the  sac,  and  as  this  wall  consists  of  living  cells,  these  will 
not  merely  make  use  of  the  water,  but  also  of  all  the  substances  dissolved  in 
it.  Evaporation  through  the  dead  cells  of  the  valve  is  reduced  to  a  minimum, 
because  the  aperture  of  entrance  lies  in  a  depression  which  itself  contains 
water,  and  after  the  disappearance  of  this  water  it  contains  moist  air.  If  the 
supply  of  water  ceases,  the  water  lying  upon  the  surface  of  the  plant  evapo- 
rates first,  the  water-sacs  by  their  position  upon  the  under  side  are  protected 
against  rapid  loss  of  water.  They  lose  at  first  the  water  which  is  in  the 
chamber  in  front  of  the  entrance,  and  then  the  water  in  the  sac  itself.  The 
air-bubble  in  its  interior  becomes  greater,  the  water  finally  all  disappears, 
and  the  valve  and  the  whole  sac  shrivels,  but  it  fills  again  with  water 
in  a  short  time  on  the  addition  of  moisture,  usually,  however,  one  or  two 
air-bubbles  remain. 

Capture  of  animals  by  water-saos.  Frequently,  but  not  always, 
animals  are  found  in  the  water-sacs  of  Physiotium,  but  by  no  means 
only  in  them.  It  has  been  long  known  that  many  Hepaticae  have 
regularly  a  larger  or  smaller  number  of  animals  in  their  water-sacs. 
Rotifera  are  found  in  indigenous  and  tropical  species  of  Lejeunia  and 
FruUania,  and  also  in  the  narrow  water-sacs  of  Radula  pycnolejeunioides. 
These  aquatic  animals,  which  are  able  to  withstand  drying  up  for  a  long 
time,  find  in  the  water-sacs  favourable  habitations,  and  similarly  many 
lower  forms  of  animal  life  inhabit  moss-tufts.  They  are  not  necessary 
for  the  plant.  That  they  may  bring  it  some  advantage  is  possible,  as 
does  the  addition  of  animal  manure  to  other  plants.  The  conjecture, 
first  put  forward  by  Spruce  and  then  afterwards  by  Zelinka,  that  the 
water-sacs  have  originated  in  consequence  of  a  stimulus  exercised  upon 
them  by  the  animals  has  no  support.  Even  in  the  large  wide  water-sacs 
of  Lejeunia  (Ceratolejeunia  and  Lejeunia  paradoxa)^  no  animals  are 
usually  met  with.  They  seek  out  preferably  the  narrow  water-sacs  in 
which  the  water  will  naturally  remain  longer.  The  arrangement  of  valves 
in  species  of  Colura  and  Physiotium  recalls  the  utricles  in  Utricularia,  and 
as  these  are  traps  for  animals  it  was  natural  to  suppose  that  the  sacs  of 
these  Hepaticae  were  of  like  character.  It  is  true  that  in  Physiotium  coch- 
leariforme  animals  are  often  found  in  the  sacs,  but  much  seldomer  than  one 
would  expect  were  the  plants  really  carnivorous.  Members  of  the  most  dif- 
ferent affinities  of  water-animals  were  found,  such  as  Tardigrada,  Anguilluleae, 
Crustacea  2.  Once  they  have  entered  the  sac,  they  cannot  escape  unless 
by  breaking  through  its  walls.  If  the  water  disappears  and  the  valve  shrivels 
a  passage  of  exit  is  made,  but  being  water-animals  they  cannot  move  in 


^  Goebel,  ArchegoniateDstadien  :   V.  Die  Blattbildung  dcr  Lebermoose   und    ihre  biologische 
Bedentaug,  in  Flora,  Ixxvii  (1893),  p.  435. 
*  Goebel,  op.  cit.,  p.  451. 
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the  absence  of  water.  No  animals  were  found  in  the  sacs  of  Physiotium 
conchaefolium.  It  is  probable  that  the  rotting  bodies  of  the  dead  animals 
in  the  sacs  may  supply  soluble  substances  which  can  be  absorbed  by  the 
plant.  But  this  process  must  be  quite  a  subordinate  one  to  the  chief  work 
of  the  sacs  as  water-reservoirs. 

2.     ARRANGEMENTS  FOR   RESISTING   DROUGHT  FOR  A   PERIOD. 

One  must  not  reckon  all  Hepaticae  as  hygrophilous.  That  would  be 
an  error,  for  there  are  xerophilous  adaptations.  The  configuration  of  Baz- 
zania  filum  ^,  one  of  the  foliose  Hepaticae,  is  xerophilous.  This  plant  grows 
upon  red  clay  soils  which  often  become  dry.  The  leaf-surface  is  but  slightly 
developed,  and  the  leaves  are  closely  adpressed  to  the  stem  and  have  greatly 
thickened  cell-walls.  The  whole  plant  has  the  stiflF  habit  of  many  desert 
plants.  The  simplest  of  these  xerophilous  adaptations  is  seen  in  the 
capacity  of  many  forms  to  withstand  drying  for  a  considerable  period.  The 
capacity  exists  in  varying  degree  in  different  species,  and  is  based  upon 
the  nature  of  their  protoplasm.  What  interests  us  here  is  only  the  pecu- 
liarities  of  the  formation  of  organs  the  advent  of  which  are  concurrent  with 
resting  stages  under  conditions  of  dryness.  These  special  features  will  now 
be  examined  : — 

(a)  Involution  of  Parts.  Riccia  in- 
flexa-  protects  its  forked  thallus  in  drought 
against  rapid  loss  of  water  by  the  inbending 
of  the  edges  of  the  delicate  assimilation-tissue, 
and  some  Marchantieae  do  likewise  ^.  Species 
of  Plagiochasma,   Reboulia,   Grimaldia,    Fim-       fig.  59.  pia^ochiia  drcinaiis.  Apex 

...  rr*         .       •  ,  .1      •       .1     11  .  of  A  shoot  circinate  in    the  dry  state, 

bnana,     TarglOnia,    close     up    their    thallus     in      Magnified.    After  Liodenberg. 

such  a  way  in  drought  that  the  assimilation- 
tissue  IS  protected.  The  dark,  or  in  some  cases,  almost  black  scales  of  the 
under  side  which  were  formerly  invisible,  now  cover  the  thallus  and  give  it 
a  most  peculiar  appearance  in  its  rolled  up  condition.  The  addition  of 
moisture  brings  about  again  its  expansion.  The  movements  following  upon 
loss  of  water,  or  absorption  of  water,  take  place  in  the  membrane  of  the 
cells  of  the  portion  of  the  thallus  containing  no  chlorophyll,  and  doubtless 
bring  the  assimilation-tissue  into  a  position  where  it  is  protected.  Grimaldia 
dichotoma  may  remain  in  the  '  latent '  condition  in  an  absolutely  dry  atmo- 
sphere for  seven  years  without  losing  its  capacity  for  development,  while 


'  See  Stephani,  Hepaticanim  Species  Novanim,  iii,  in  Hedwigia  (1893),  p.  206. 

'  Gottiche,  Lindenberg  et  Nees  von  Elsenbeck,  Synopsis  Hepaticanim,  Hambnrgi,  1844-7,  p.  794. 

'  Mattirolo,  Contribnzione  alia  biologica  delle  Epatiche,  in  Malpighia,  ii  (1888),  p.  181 ;  id., 
Nuove  osservazioni  snlla  reviviscenza  dclla  Grimaldia  dichotoma,  Raddi,  in  Rendiconti  della  Acca- 
demia  del  Lincei,  1894. 
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shoots  of  Grimaldia  cultivated  in  a  moist  chamber  soon  die  when  placed  in 
a  drying  apparatus. 

The  same  kind  of  hygroscopic  movement  is  found  in  the  foliose  forms. 
Fig.  59  shows  the  end  of  a  shoot  of  Plagiochila  circinalis,  which  is  rolled 
up  like  a  crozier  in  a  dry  condition,  and  the  vegetative  point  is  thus  protected 
by  an  envelope  of  older  tissue  *. 

(b)  Formation  of  Tubers.  Further  progress  in  the  adaptation  to 
periods  of  drought  is  observed  in  forms  which  produce  in  their  resting  stage 
tubers  full  of  reserve-material. 

Historioal.  The  formation  of  tubers  in  the  Hepaticae  is  a  process  of  so  much 

biological  interest  that  a  short 
historical  notice  of  the  subject 

.^""^^       \^^Si   '^^^       V^^jC  />^  "^y  ^^  admitted  here.    Raddi 

^^\         ---^'^ii/^.    I  h: — ^^^^  appears  to  have  been  the  first 

who  observed  this  in  Anthoceros 
dichotomus.  Neessays*:  *  Raddi 
found  in  the  swelling  at  the  end 
of  the  root-strand  a  white  almost 
spherical  little  body  which  he 
considered  a  germ-bud.'  Nees 
conjectured  that  this  species  of 
Anthoceros  multiplied  by  shoots 
from  the  thickened  end  of  its 
stout  root-shoots,  and  Stephani' 
subsequently  took  this  view. 
Meanwhile  the  formation  of 
tubers  was  found  in  other  spe- 
cies of  Anthoceros.  Taylor  saw 
it  in  the  Australian  Anthoceros 
tuberosus*.  Lindenberg"  stated, 
regarding  a  species  of  Riccia 
from  South  Africa,  that  upon  the  under  side  '  here  and  there  large  shoots  de- 
velop .  .  .  which  at  their  point  are  thickened  into  a  spherical  or  elongated  head, 
and  this  subsequently  becomes  a  disk  and  probably  uhimately  grows  into  a  new 
plant'  It  is  possible,  however,  that  here  ventral  stolons  only  were  observed,  not 
formation  of  tubers.  Regarding  Riccia  natans  he  says*:  *so  soon  as  it  approaches 
the  shore  or  touches  the  mud  there  shoot  out  from  the  whole  under-surface,  and 
also  out  of  the  shreds  belonging  to  this  ^  thin,  delicate,  cylindric,  hair-like,  very 

•  This,  it  must  be  stated,  is  concluded  from  the  behaviour  of  dead  plants  only.    No  experiment 
relating  to  this  point  has  been  made  with  the  living  plant. 

'  See  the  account  by  Nees  von  Esenbeck,  Naturgeschichte  der  europaischen  Lebermoose,  iv.  p.  347. 
'  Stephani,  Ueber  einige  Lebermoose  Portugals,  in  Hedwigia,  xxvi  (1887),  p.  6. 

•  Taylor,  Novae  Hepaticae,  in  Hooker's  London  Journal  of  Botany,  v  (1846),  p.  412. 

»  Lindenberg,  Monographie  der  Ricdeen,  in  Nova  Acta  Academiae  Cacsareae  leopoldino-carolinae 
naturae  curiosomm,  xviii.  I  (1836). 

•  Lindenberg,  op.  dt.,  p.  479.  '  By  this  he  meant  the  scales. 


Collrcted  in  PelegiUL  Cliili. 
as  )Fiven  rise  to  a  leafy  shoot  the  emi  or 
has  bent  downwards,  produced  then  reduced  leaves,  and  swollen  np 


Pig.  60.    Possombronia  tuberifera, 
Ki,  old  tuber  which  has  jriven  rise  to  a  leafy  shoot  the  enTI 


f  which 


into  a  new  tuber,  Kii ;  A,  archegonia  on  the  upper  side  of  the  shoot 
Magnified  17. 
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often  segmented  ^  root-threads,  which  are  coloured  at  the  junction  of  the  segments 
like  the  under-surface  of  the  thallus  but  are  otherwise  hyaline  or  granular.  These 
fibres  often  thicken  into  a  club-like  or  spherical  form  in  which  case  the  red  or  brown 
colouring-matter  accumulates  at  these  thickened  ends  which  subsequently  flatten 
and  develop  into  new  plants/  This  statement  by  Lindenberg  allows  us  to  conjec- 
ture that  here  formation  of  tubers  occurs,  but  it  does  not  give  us  any  insight  into 
the  matter.  Formation  of  tubers  has  also  been  said  to  occur  in  Petalophyllum '. 
In  a  species  of  Fossombronia  growing  upon  the  Cordilleras  of  Venezuela  I  observed 
a  formation  of  tubers ' ;  and  recently  Douglas  Campbell  has  made  a  careful  inves- 
tigation of  the  formation  of  tubers  in  a  species  of  Jungermannia  which  he  calls 
Cfeothallus  tuberosus,  and  which  is  probably  very  near  Petalophyllum  \ 


Pig.  61.  Pomombronia  tuberifenu  Profile  view  of  a  disticboasly-leaved  plant  in  fracti6cation.  The  sporoKooium 
isaarroonded  by  a  bell-shaped  envelope.  The  point  of  the  plant  b^ina  to  penetrate  the  ground  where  it  would 
develop  into  a  new  tuber.    Magnifiecl  18. 

I  shall  describe  here,  upon  the  basis  of  my  own  investigations,  the 
formation  of  tubers  in  one  species  of  Fossombronia  and  two  species  of 
Anthoceros. 

*  This  is  certaiDly  wrong.  The  phenomenon  is  evidently  one  which  can  be  obserred  in  Riccia 
glaoca,  where  on  older  plants  single  cells  grow  out  as  tnbes  which  form  at  their  end  a  disk  like 
the  germ-disk  from  the  germinating  spores.  We  have  in  this  an  example  of  what  rarely  occnrs  in 
the  Hepaticae,  namely,  the  development  of  the  germ-phase  in  regeneration.  When  this  is  the  case 
the  plant  is  in  nnfavonrable  external  conditions,  and  it  is  to  be  observed  that  the  above-mentioned 
phenomena  were  specially  seen  npon  old  plants  which  had  lasted  through  the  winter.  It  has  been 
stated  recently  that  rhizoids  might  serve  for  regeneration,  but  this  is  certainly  not  the  case.  See 
Fellner,  Keimung  der  Sporen  von  Riccia  glanca,  in  Jabresbericht  des  akademischen  natnrwisaen- 
ichaftlichen  Vereins  in  Graz,  i  (1875). 

'  Gottsche,  Lindenberg  et  Nees  von  Esenbeck,  Synopsis  Hepaticarnm,  Hamburgi,  1844-7,  P-  79^* 
'  See  Ruge,  Beitriige  zur  Kenntniss  der  Vegetationsorgane  der  Lebermoose,  in  Flora,  Ixxvii  (1893). 

*  Douglas  Campbell,  A  new  Califomian  liverwort,  in  Botanical  Gazette,  xxi  (1896),  p.  9;  id., The 
development  oTGeothallns  tuberosus,  in  Annals  of  Botany,  x  (1896),  p.  489. 
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Fossombronia  tuberifera,  as  I  will  name  the  species^,  lives  in  some 
ways  like  Adoxa  moschatellina  or  Solanum  tuberosum,  that  is  to  say,  it 
forms  alternately  elongated  shoots  above  the  ground  and  tuberous  shoots  in 
the  ground,  and  this  alternation  may  be  repeated  many  times  on  one  and  the 
same  shoot-axis.  In  Fig.  60,  for  example,  there  may  be  seen  at  the  hinder 
end  of  the  plantlet  the  old  tuber,  K' ;  out  of  it  the  leafy  shoot  developed 

which  appeared  above  the 
ground,  and  which  has  upon 
its  posterior  side  some  ar- 
chegonia,  A.  After  the 
formation  of  leaves  has 
reached  the  highest  point — 
and  this  happens  very  soon, 
as  the  whole  plant  is  very 
small — the  shoot  in  its  fur- 
ther growth  curves  very 
sharply  downwards,  the 
leaves  become  reduced  and 
appear  as  but  slightly  pro- 
jecting wings,  and  then 
root-hairs  develop  out  of 
their  edge,  a  development 
always  absent  from  the  epi- 
geous  shoot.  The  summit 
of  the  shoot  then  swells  up 
into  a  tuber,  K,,,  the  vege- 
tative point  remains  covered 
by  the  youngest  leaf-prim- 
ordia,  the  epigeous  parts  die 
off  with  the  advent  of  the 
dry  period  of  the  year,  whilst  the  tuber  persists.  If  it  shoots  out  again  it 
can  branch,  and  so  give  origin  to  a  small  tuft  of  plants.  If  a  sporogoniuni 
has  been  developed  the  plant  nevertheless  continues  itself  usually  by  a 
tuber-shoot  (see  Fig.  61). 

The  formation  of  tubers  in  Geothallus  tuberosus  is  very  like  that  in  the  Fos- 
sombronia just  described,  but  the  stalk  which  ensures  the  burying  of  the  tuber  in 
the  ground,  and  which  occurs  in  the  species  of  Anthoceros  as  well  as  in  Fossom- 
bronia tuberifera,  is  wanting.  In  Geothallus  that  portion  of  the  tuber  which  contains 
the  reserve-material  is  bounded  by  one  or  two  layers  of  cells  with  thick,  dark  walls, 
and  this  is  characteristic.  The  tubers  arise  both  upon  fertile  and  upon  sterile  shoots. 


Fig.  62.  Anthoceros  dichutomus.  Portion  of  the  thallus.  From 
the  thickenc<i  middle  part  two  long-stalked  tubers  arise.  On  the  left 
division  of  the  nVht  thallus-lobe  the  outline  of  a  young  tuber  is 
visible.  The  dark  spots  on  the  left  indicate  colonies  o(  Nostoc 
Magnified  17. 


'  I  found  it  along  with  Anthoceros  argentinus,  a  form  which  also  produces  tubers,  in  a  gathering 
from  Pelegua  In  Chili.    It  is  very  nearly  allied  to  a  species  I  found  at  Tovar  in  Venezuela. 
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Anthooeros  diohotomus  and  A.  argentinuB.  The  tubers  of  the  two 
species  of  Anthoceros,  A.  dichotomus  and  A,  argentinus,  which  have  been 
examined,  may  be  regarded  as  transformed  branches  of  the  thallus,  whose 
ends  have  become  swollen  and  filled  with  reserve-material.  So  far  as 
material  has  sufficed  for  examination  of  the  structure  of  these  tubers,  it 
corresponds  with  that  of  the  tubers  of  Anthoceros  tuberosus  ^.  The  tubers 
are  surrounded  by  some  layers  of  empty  cork-like  cells  ;  their  inner  cells  are 
filled  with  fat  and  small  grains  like 
aleurone.  In  Anthoceros  dichotomus 
(Fig.  62)  the  tubers  stand  upon  the 
under  side  of  the  thallus  both  upon 
sterile  parts  and  upon  fertile  parts, 
but  mostly  upon  the  sterile.  They 
arise  from  its  thickened  midrib- 
like portion,  which  is  here  not  very 
sharply  differentiated,  and  they  have 
long  stalks  and  are  provided  with 
rhizoids.  They  are  laid  down  close 
behind  the  v^etative  point,  and  are 
therefore  not  adventitious  but  ventral 
shoots.  Instead  of  the  stalk,  which 
at  a  later  period  like  the  rest  of  the 
thallus  dies  off,  there  is  sometimes 
found  a  thallus-lobe  rich  in  chloro- 
phyll. In  Anthoceros  argentinus^ 
the  tuberous  shoots  are  partly  lateral, 
partly  ventral.  Fig.  63  shows  how 
lateral  lobes  of  the  thallus  curve  downwards,  darken  in  colour,  swell  up, 
and   become  tubers. 

The  method  of  germination  of  the  tubers  is  unknown.  Those  taken 
from  herbaria  have  lost  their  power  of  germination.  If,  as  appears  to  be  the 
case,  the  vegetative  point  of  the  tuber  is  not  retained,  we  must  assume  that 
cells  lying  underneath  the  cork-envelope  produce  one  or  more  new  vegetative 
points,  which  rupturing  the  envelope  grow  out  into  lobes  of  the  thallus. 

I  have  recently  observed  formation  of  tubers  in  a  cultivation  of  Anthoceros 
laevis  sent  to  me  by  Dr.  Levier  of  Florence.  The  tubers  were  whitish  swellings 
upon  the  under  side  of  the  thallus  near  the  vegetative  point,  and  were  filled  with 
reserve-material  and  provided  with  rhizoids. 

There  can  be  no  doubt  that  formation  of  tubers  also  takes  place  in  the  Riccieae. 


aroarently  decived  from  the  fifermination  of  a  tuber 
wbich  18  still  visible  as  a  slight  swelling  at  the  base. 


Pig.  63.    Anthoceros  argentinus.  Thallus  with  tubers, 
^    '     '  '         '■  *     "ion     ' 

Each  tuber  arises  as  a  swelling  of  the  endof  a  marginal 
lobe  which  bends  downwards. 


^  See  Ashwortfa,  Oo  the  stmctnre  and  contents  of  the  tubers  of  Anthoceros  tuberosus,  Taylor,  in 
Memoirs  and  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society,  xli  (1896),  p^  i. 
*  See  Jack  and  Stephani,  Hepaticae  Lorentzianeae,  in  Hedwigia,  xxxiv  (1895),  p.  317. 
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In  an  Italian  species  of  Riccia  I  found  whole  segments  of  the  thallus  developed  as 
long  tuber-like  structures,  the  margins  of  the  thallus  being 
turned  inwards,  and  the  tissue  lying  under  the  chlorophyll- 
tissue  being  richly  filled  with  reserve-material  so  that  the  body 
appeared  white  on  the  outside.  Stephani^  has  lately  de- 
scribed tubers  in  Riccia  bulbifera,  but  the  descriptions  do 
not  make  clear  what  their  morphological  nature  is. 

The  formation  of  brood-tubers  as  adventitious  shoots 
upon  the  midrib  of  the  thallus  of  Fegatella  conica*  may  be 
mentioned  in  connexion  with  the  tubers  above  described. 
The  contents  of  these  tubers  may  be  drawn  upon  by  others 
and  they  finally  die  off,  but  whilst  they  are  undoubtedly 
a  resting-stage  they  have  no  special  relation  to  a  period  of 
drought,  because  Fegatella  affects  moist  localities.  Tubers 
dried  for  seven  days  were  no  longer  able  to  form  shoots.  As 
in  other  cases  the  capacity  to  resist  drying  may  sometimes  be 
increased.  It  may  be  noted  here  that  in  the  prothalli  of 
ferns,  for  example  species  of  Anogramme,  analogous  forma- 
tion of  tubers  takes  place '. 

(c)  Hypogeous  Organs  for  the  Absorption 
OF  Water.  A  further  peculiarity  of  xerophilous 
Hepaticae  is  that  they  form  organs  which  bore  deeply 
into  the  ground  to  take  up  water.  We  leave  out  of 
account  here  the  hair-roots  of  the  Marchantieae,  the 
length  and  bulk  of  which  stand  in  relation  to  the  fact 
that  the  surface  of  the  thallus  takes  up  no  water. 

Stephaniella.  Here  we  have  specially  to  mention 
the  behaviour  of  species  of  Stephaniella  *.  These  are 
foliose  Hepaticae  which  grow  upon  clayey  soil  liable  to 
great  dryness.  They  are  small  plants,  two  to  four  mil- 
h'meters  long,  with  a  worm-like  configuration  recalling 
the  condition  under  drought  of  the  Marchantieae*. 
The  position  occupied  by  the  scales  in  those  Mar- 
chantieae is  taken  in  Stephaniella  by  leaves  closing 
together  like  the  shells  of  a  mussel,  and  these  embrace 
the  stem.  Single  plants  form  firm,  compact,  dry,  hard 
covers,  which  provide  a  protection  to  the  subterranean 
parts.  These  subterranean  parts  (Fig.  64)  bore  into 
the  ground  to  a  length  of  as  much  as  thirty  millimeters, 
quite  eight  times  that  of  the  leafy  shoot,  and  this  phe- 


PlG.  6^.  Stq>haniella 
fMinphyllina.  Profile  view 
of  a  shoot.  A  lateral  shoot 
«nin|^  ffXMn  the  side.  Upon 
tne  under  side  a  hypogeous 
rhisoine  clad  with  rhtsoids 
which  have  been  broken  off 
short. 


*  Stephani,  Spedes  Hepaticanim,  in  Bulletin  de  THerbier  Boissier,  vi  (1898),  p.  333.    See  also 
K.  vesicata  ;  Taylor,  Novae  Hepaticae,  in  Hooker's  London  Journal  of  Botany,  v  (1846),  p.  416. 

^  G.  Karstcn,  Beitrage  zur  Kenntniss  von  F^atella  conica,  in  Botanische  Zeitung,  liv  (1887), 
p.  649.  '  See  p.  215. 

*  See  Jack,  Stephaniella  paraphyllina,  Jack,  nov.  gen.  Hepaticamm ,  in  Hedwigia,  xzxiii  (1894),  p.  1 1 . 

*  See  p.  65. 
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nomenal  length  enables  them  to  serve  much  more  efficiently  as  organs  for 
the  taking  up  of  water,  than  would  short  small  hair-roots  alone  which  arc 
found  upon  them,  and  also  upon  the  under  side  of  the  shoot.  These  hypo- 
geous  *  rhizomes  *  have  greatly  reduced  leaves,  and  are  the  morphological 
equivalents  of  the  flagellar  which  are  found  in  so  many  Hepaticae,  and 
they  are  able  to  grow  out  into  leafy  branches. 

(d)  Anatomical  Structure  in  Relation  to  Water.  The  in- 
fluence which  the  kind  and  method  of  absorption  of  water  has  upon  the 
anatomical  construction  of  the  thallus  appears  particularly  clearly  in  the 
Marchantieae  and  Riccieae.  The  anatomical  construction  and  the  rooting 
of  the  Marchantieae  stand  in  the  most  direct  relationship  to  the  absorption 
of  water  ^.  These  Hepaticae  are  by  no  means  all  of  them  adapted  to  dry 
habitats.  Many  of  them,  like  Dumortiera,  have  returned  to  the  behaviour 
of  the  majority  of  the  other  Hepaticae,  and  some  of  them,  like  Riccia  natans 
and  Riccia  fluitans,  are  floating  water-forms.  But  the  typical  representa- 
tives of  this  group  are  distinguished  by  taking  their  water  through  their 
rhizoids,  which  are  specially  strongly  developed,  and  not  through  the  whole 
surface  of  the  thallus  3.  In  correspondence  with  this  we  find  that  in  warm 
sunny  areas  like  the  south  Tyrol,  Jungermannieae  have  but  a  few  represen- 
tatives, but  the  Marchantieae  and  the  Riccieae  are  abundant,  and  of  them 
Grimaldia  fragrans  and  Riccia  ciliata  occur  in  mass  upon  sunny  localities. 
These  forms  have,  in  association  with  the  strongly  illuminated  habitats  they 
affect,  a  well-developed  assimilation-tissue.  In  shaded  localities  the  members 
of  this  cycle  of  affinity  exhibit  a  very  marked  reduction  in  this  respect. 

Air-cavities.  The  existence  of  air-cavities  in  the  assimilation-tissue  is 
characteristic  of  the  Marchantieae  and  Riccieae.  They  arise,  as  Lcitgeb 
first  showed,  not  schizc^enetically  like  the  intercellular  spaces  of  higher 
plants,  nor  by  a  progressive  ru^^^  of  the  tissue  from  the  outside  inwards, 
but  they  are  primarily  deprea^R  in  the  surface  which  result  from  the 
lagging  behind  in  growth  of  the  tissues  at  certain  points,  which  are  always 
those  where  four  cells  meet,  and  over  these  the  adjacent  parts  then  grow. 
These  depressions  then  become  deep  pits,  which  are  very  narrow  in  the 
land-forms  of  Riccieae.  It  is  easy  to  satisfy  oneself  that  these  pits  retain 
air  and  do  not  allow  the  entrance  of  water.  If  a  drop  of  water  is  placed 
upon  the  thallus,  of  say  Riccia  glauca,  it  does  not  disperse  because  the 
thallus  cannot  be  wetted,  and  it  does  not  enter  into  the  pit  Even  if  the 
surface  of  the  thallus  be  removed  by  a  horizontal  cut  and  laid  in  water 
the  air-bubbles  remain  held  between  the  cells.  The  uppermost  cells  of 
the  dorsal  tissue  of  the  thallus  have  no  chlorophyll  in  the  Riccieae,  and 


^  See  p.  4a. 

•  See  Goebel,  PflaDzenbiologische  Schilderungen,  ii  (1893),  p.  222 ;  Kamerling,  Zar  Biologie  und 
Pfaysologie  der  Marchantiaceen,  in  Flora,  Ixxxiv  (Ei|^zuDgsband  znm  Jahrgang  1897). 
»  See  p.  45. 
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in  many  they  are  somewhat  broadened  out,  and  so  increase  the  difficulty  of 
entrance  of  water  into  the  air-canal.  If,  however,  transpiration  be  arrested 
or  made  difficult,  these  cells  without  chlorophyll  are  able  to  give  out  water 
in  liquid  form,  at  least  I  have  in  some  circumstances  found  Riccia  lamellosa 
covered  with  small  drops  of  water.  They  are  evidently  arranged  for  the 
purpose  of  the  giving  oflF  of  water- vapour,  and  they  are  rich  in  water  and 
draw  their  supply  to  replace  that  which  they  lose  from  the  cells  containing 
chlorophyll.  The  Riccieae  which  live  in  dry  localities  have  often  many 
of  the  cells  from  the  surface  inwards  wanting  chlorophyll.  This  is  the 
primitive  form  of  an  epidermis.  In  Riccia  fluitans  and  Riccia  natans  the 
air-canal  is  replaced  by  a  wide  chamber,  a  structure  the  occurrence  of  which 
need  not  surprise  us  in  plants  living  upon  the  surface  of  water  or  in  moist 
localities.  These  chambers  open  by  only  a  narrow  aperture  to  the  outside, 
and  this  in  the  water-form  of  Riccia  fluitans  is  usually  closed  later.  The 
chambers  are  overarched  by  the  growth  in  surface  of  the  epidermis.  The 
chambers  open  to  the  outside  in  their  whole  width  only  in  Riccia  crystallina, 
a  species  which  grows  in  moist  localities,  goes  rapidly  through  its  develop- 
ment up  to  the  formation  of  the  spores,  and  then  dies.  Such  an  easily 
attained  to  structure  can  only  exist  where  no  serious  claim  is  made  upon  it. 

The  type  of  dorsal  air-chambers  opening  to  the  outside  by  few  or  many 
pores,  the  *  breathing-pores,*  is  widely  spread  with  a  different  construction  in 
the  series  of  the  Marchantiaceae.  Since  Mirbel's  beautiful  exposition  of  the 
features  of  Marchantia  polymorpha  ^  this  species  has  become,  in  textbooks, 
the  representative  of  the  Hepaticae.  This  is  unfortunate,  because  it  is 
really  one  of  the  most  highly  specialized  forms.  A  detailed  description  of 
it  is  not  necessary  here,  but  an  account  of  the  relationships  of  its  structure 
to  the  conditions  of  its  life  is  required,  as  these  are  very  instructive.  The 
lid  which  roofs  over  the  air-chamber  is  more  or  less  sharply  marked  off  as 
*  epidermis,'  and  consists  in  xerophilous  species,  like  those  of  Oxymitra  and 
Plagiochasma,  of  cells  having  no  chlorophyll  and  possessing  thickened  cuti- 
cularized  outer  walls,  but  in  forms  like  species  of  Cyathodium  which  live  in 
moist  localities,  these  cells  of  the  epidermis,  which  are  usually  in  two  layers, 
contain  chlorophyll.  The  other  forms  may  be  grouped,  according  to  their 
conditions  of  life,  between  these  two  extremes.  The  '  breathing-pores '  have 
a  threefold  aim,  one  only  of  which  is  expressed  in  the  name:  firstly,  to  give 
entrance  and  exit  to  carbon  dioxide  and  oxygen  ;  secondly,  to  hinder  the 
entrance  of  water ;  thirdly,  to  regulate  the  evaporation  of  water.  Whilst 
then  they  differ  in  their  origin  from  the  stomata  upon  the  sporogonia  of 
Anthoceros  and  of  many  Musci  within  the  series  of  the  Bryophyta,  and 
from  the  stomata  of  Vascular  Plants,  they  resemble  them  in  their  function. 

In  the  construction  of  these  breathing-pores  many  cells  share  and  they 

^  Mirbel,  Rccherches  anatomiques  et  physiologiques  sur  le  Marchantia  polymorpha,  in  Memoires 
dc  r Academic  des  Sciences  de  Tlnstitut  de  France,  1835. 


Digitized  by 


Goo^^ 


AIR-CAVITIES  AND  BREATHING  PORES 


73 


bound  the  opening.  According  as  these  cells  divide  by  walls  at  right  angles 
to  the  surface  or  parallel  to  it,  simple  or  canal-like  breathing-pores  are  formed. 
The  latter  are  found  upon  the  thallus  in  Marchantia  (Fig.  65)  and  Preissia, 
and  upon  the  sporogoniophore  in  other  species  which  have  simple  ones  upon 
the  thallus.  The  simple  breathing-pores  are  raised  above  the  thallus  upon 
a  wart-like  projection,  so  that  water  can  readily  flow  away  from  them,  and 
as  the  aperture  is  narrow  water  cannot  enter.  The  canal-like  openings 
also  do  not  allow  the  entrance  of  water,  and  in  the  water-form  of  Riccia 
fluitans  the  openings  are  closed.  This  is  the  case  also  in  a  water-form  of 
Marchantia  polymorpha  which  Ruge  has  accurately  described  ^.  In  it  the 
submerged  mode  of  life  had  hindered  the  formation  of  air-chambers  in  many 
parts  of  the  thallus,  but  where  these  chambers  did  exist  the  breathing-pores 
were  closed  through  papilla-like  outgrowths  of  the  cells  of  the  lower  tier  of 


Fia  6$.     Marchantia  polymorpha.    Breathinr-pore.    A.  in  saiface  view.    B^  in  \'ertical  section.    Magnified. 

After  Strasbarger. 

the  pore.  Finally  in  Dumortiera,  which  grows  in  the  spray  of  waterfalls, 
on  stones  in  streams,  and  other  similar  spots,  there  is  a  remarkable  reduction 
evidently  caused  primarily  by  the  conditions  of  its  life  ^  The  layer  in  which 
the  air-chamber  is  formed  is  laid  down  at  the  vegetative  point  but  is  soon 
destroyed,  and  Dumortiera  therefore  behaves  subsequently  like  a  Pellia 
which  usually  lives  upon  land,  but  can  also  take  up  water  directly  from  the 
outside.  The  reduction  may  go  to  varying  lengths.  In  most  species  an 
areolation  marking  the  outline  of  the  destroyed  air-chambers  may  be  ob- 
served, and  it  is  from  these  areolae  that  the  assimilation-tissue  subsequently 
shoots  out  free  and  exposed  from  the  base  of  the  air-chambers.  In  one 
species  which  I  have  examined  this  does  not  happen,  and  its  older  thallus 


*  Ruge,  Beitrage  znr  Kenntniss  der  Vegetationsorgane  dcr  Lebcrmoose,  in  Flora,  Ixxvii  (1893), 
p.  294. 
'  See  Goebel,  Pflanzenbiologische  ScbilderuDgeo,  ii  (1893),  p.  333. 
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therefore  exhibits  in  section  a  structure  like  that  of  Pellia  or  Monoclea,  that 
is  to  say,  the  chlorophyll  is  in  its  outer  cell-layer^. 

With  regard  to  the  relationship  of  the  breathing-pore  to  transpiration, 
it  is  clear  that  the  narrower  the  opening  the  slower  will  be  the  evaporation 
of  water.  As  a  matter  of  fact  we  find  the  opening  narrower  in  xerophilous 
forms  than  it  is  in  hygrophilous.  In  many  species  a  closure  of  the  opening 
may  take  place,  as  I  first  showed  in  Preissia  commutata.  In  Marchantia 
there  is  no  power  of  closure.  The  lowermost  tier  of  the  breathing-pore  is 
that  which  brings  about  its  closure  or  the  narrowing  of  it  in  Preissia  (Fig.  66), 
and  Kamerling  has  confirmed  this  in  the  case  of  the  breathing-pores  of  the 
sporogoniophores  in  other  species  ^.  Closure  takes  place  when  water  is  with- 
drawn, when  there  is  strong  tui^escence  there  is  opening.  In  Preissia,  which 
grows  upon  stones,  walb,  and  similar  places  not  always  moist,  the  aperture 
of  the  pore  is  always  narrower  than  in  Marchantia ;  each  of  the  cells  of  the 
lowermost  tier — these  are  three  to  six  in  number,  usually  four — projects  in- 
wards so  that  the  aperture  is  four-rayed. 
.  -^^  The  surface  of  the  cells  which  bound  the  canal 

//^.  '■        y..-:^^7""^^  \       of  the  breathing-pore   is   coated  with  wax 
/  (   /  n  "\   \   \     granules,  as  in  Marchantia ;  it  cannot  there- 

/"r-^     ^^^nJ^  ^ •  /  ^^^^    ^  wetted    by  water ;    moreover,  the 

\  \    \      //   ^*-)""--y/    /     breathing-pore  is  narrower  at  the  outer  aper- 

\    N.   )A y    /       ture  than  it  is  in  the  middle.    When  then  a 

'••..  ^s^     ^  --^   y  drop  of  water   falls  upon  a  thin   thallus  of 

'"""> _ " '  Preissia,  it  never  can  force  out  the  air  in  the 

„     ,,        ,  breathing-pore,  and    thus  the    tissue    lying 

Fig.  66.    PrdMia  commutata.    Breath-      ,     ,  .  ,        ,  •    r  . 

W-pore  seeo  from  below.    Highly  raagni-      bcloW  IS   Completely  prOtCCtcd    from    Wetting. 

A  complete  closure  of  the  pore  does  not 
appear  to  take  place  in  Preissia,  but  there  can  be  no  doubt  that  its  narrowing 
is  a  provision  for  the  regulation  of  transpiration.  Simple  breathing-pores 
have  but  limited  capacity  of  closure.  The  presence  of  canal-like  breathing- 
pores,  which  are  usually  capable  of  closure,  upon  the  sporogoniophores  in 
species  where  the  vegetative  parts  have  only  simple  breathing-pores,  is  no 
doubt  due  to  the  fact,  as  Ruge  has  pointed  out,  that  an  increased  protection 
against  transpiration  is  required  in  the  former  positions  ^      In  the  genus 


^  It  is  an  open  question  whether  the  species  I  investigated  is  the  same  as  D.  trichocephala  in 
which  Douglas  Campbell  (The  Structure  and  Development  of  the  Mosses  and  Ferns,  London,  1895, 
p.  49)  found  analogous  features. 

'  See  Goebel,  Die  Muscineen,  in  Schcnk's  Handbuch  der  Botanik,  ii  (188a),  p.  337,  where  I  say  :— 
*  From  what  I  have  seen  in  Preissia,  where  the  lowermost  tier  consists  of  four  cells,  I  believe  we 
may  assume  that  they  have  the  capacity  to  close  the  breathing-pore  and  thus  to  function  as  actual 
guard-cells.*  Kamerling  (Zur  Biologic  und  Physiologic  der  Marchantiaceen,  in  Flora,  Ixzxiv, 
Ergiinzungsband  zum  Jahrgang  1897,  p.  37)  is  not  justified  then  in  his  remark,  that  the  opening 
and  clonng  of  the  breathing-pores  in  Marchantiaceae  has  hitherto  been  unrecognized. 

^  This  is  very  evident  in  the  case  of  stalked  antheridiophores,  but  not  so  in  the  sessile  ones  of 
Fegatella.    The  air-chambers  are  in  this  genus  small,  and  chiefly  serve  for  respiration.    The  diminu- 
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Exormotheca  (Fig.  67)  there  is  a  peculiar  disposition  of  the  breathing-pores  ^ 
The  air-chambers  of  the  thallus  are  so  high  that  seen  from  above  the  thallus 
appears  white,  and  the  breathing-pores  are  at  the  end  of  high  chimney-like 
processes.  The  air-layer,  which  lies  here  in  the  thallus  above  the  assimila- 
tion-tissue, acts  as  a  kind  of  insulator  against  intense  heat,  in  the  same  way 
as  do  the  dead  portions  of  the  leaves  which  enclose  air  in  many  Musci,  for 
example  Bryum  argenteum. 

In  Fegatella  conica,  which  inhabits  moist  localities,  there  lie  under  the 
breathing-pores  beak-like  cells  containing  but  little  chlorophyll  which,  acting 
as  evaporation-cells,  increase  the  transpiration  ^.  The  construction  of  the 
assimilation-tissue  in  these  Hepaticae  stands  otherwise  also  in  evident  rela- 
tion to  the  transpiration  as  well  as 
to  the  intensity  of  the  light.  In  the 
simplest  cases  the  side  and  ground 
walls  of  the  air-chamber  act  as  as- 
similation-tissue ;  in  Cyathodium  the 
roof  does  so  as  well.  This  is  also 
the  case  in  the  germ-plants  of  Mar- 
chantia  polymorpha,  but  subsequent- 
ly confervoid  septate  cell-threads 
sprout  from  the  bottom,  sometimes 
also  from  the  sides  and  roof,  of  the 
chamber;  the  same  features  are  found 
in  Boschia,  Preissia,  Lunularia,  Fe- 
gatella, Targionia  j  on  the  other  hand 
in  Reboulia,  Grimaldia,  Fimbriaria, 
Duvalia,  and  some  species  of  Plagio- 
chasma,  the  whole  of  the  tissue  be- 
neath the  upper  surface  of  the  thallus 
exhibits  an  apparently  irregular 
net-work  of  small  and  large  air-chambers  communicating  with  one  another. 
This  construction  is  brought  about  by  the  development  of  cell-plates  from  the 
walls  and  roofs  of  the  air-chambers,  and  these  project  into  the  chambers 
and  so  divide  them  incompletely  by  septa.  The  narrower  the  communi- 
cation between  the  several  chambers  and  the  breathing-pores  the  slower 
will  be  the  transpiration.  The  several  different  conditions  of  life  to  which 
these  forms  are  adapted  have  not,  however,  been  thoroughly  investigated. 


Fig.  67.  Exormotheca  Hobtii.  Upper  fif^ure ;  por- 
tioD  of  a  thallus  seen  from  the  upper  side.  Lower 
figure:  thai  las  in  vertical  section.  The  assimilation- 
tissue  IS  indicated  by  shading^.  Lower  less  highly  mag- 
nified than  the  upper  figure. 


tioo  of  the  transpiration  may,  however,  be  of  use  to  the  antheridia  which  require  water  for  the 
discharge  of  the  sperxnatozoids. 

'  See  also  SoUns-Lanbach,  tiber  Exormotheca,  Mitten,  cine  wenig  bekannte  Marchantiaceen- 
gattnng,  in  Botaoische  Zeitung,  Ixiv  (1897),  p.  i. 

'  See  Kamerling,  Zur  Biologic  und  Physiologic  der  Marchantiaceen,  in  Flora,  Ixxxiv  (Erganzungs- 
band  zuin  Jahrgang  1897). 
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Water-tissue.  It  is  of  less  interest  to  us  that  in  many  Marchantieae 
and  Riccieae,  which  possess  a  thick  thallus,  a  storage-tissue  lies  under  the 
assimilation-tissue,  and  in  it  water  especially  can  be  stored.  The  formation 
of  mucilage  may  also  be  regarded  as  serving  the  purpose  of  storage  of  water, 
and  it  is  found  in  many  Hepaticae,  both  amongst  Marchantieae  and  Antho- 
ceroteae*.  The  mucilage-cells  in  the  Marchantieae  are  partly  isolated, 
partly  in  groups,  as  in  Fegatella.  In  many  species  of  Anthoceros,  and  evi- 
dently also  in  Dendroceros,  mucilage-pits  are  formed  in  the  thallus.  They 
are  present  in  great  numbers  in  Anthoceros  glandulosus,  and  have  been 
described,  even  in  recent  times,  as  *  air-canals.'  The  formation  of  mucilage 
here  is  intercellular  not  intra-cellular  as  it  is  in  Marchantieae  ^.  We  have 
no  experimental  proof  of  the  importance  of  the  formation  of  mucilage,  but 
it  is  striking  that  it  is  so  abundant  in  a  hygrophilous  form  like  Fegatella. 
Its  relation,  however,  to  water-storage  is  much  more  probable  than  the  purely 
mechanical  function  ascribed  to  it  by  Leitgeb. 

Selerenchyms.  It  is  not  the  plan  of  this  book  to  deal  with  anatomical 
details,  therefore  I  merely  mention  here  that  in  many  thallose  Hepaticae, 
for  example  Preissia,  Blyttia,  and  others,  sclerenchyma-fibres  are  found.  In 
many  forms  with  strongly  thickened  cell-membranes  the  thickening  has 
clearly  not  a  mechanical  function,  but  is  chiefly  connected  with  storage  of 
water.  The  membranes  are  capable  of  swelling  and  can  retain  more  water 
the  thicker  they  are,  and  this  is  probably  the  reason  for  the  occurrence  of 
such  membranes  in  the  cells  of  the  stem  and  leaves  of  Lepicolea  ochroleuca. 
The  differentiation  of  the  tissue  in  the  stems  of  the  foHose  forms  is  other- 
wise so  simple  that  it  requires  no  further  mention  here. 

3.    HYDROTROPISM. 
The  influence  which  their  relationships  to  water  have  upon  the  disposi- 
tion of  the  Hepaticae  with  reference  to  their  substratum  requires  still  more 
accurate  investigation. 

11.     RELATIONSHIPS   TO   GRAVITY. 
The  relationship  to  gravity  has  only  been  studied  in  the  Marchantieae. 
In  the  forms  which  live  upon  the  bark  and  leaves  of  trees  negative  geo- 
tropism  if  it  exists  is  only  feebly  expressed,  as  they  grow  clinging  to  the 
surface  in  all  directions. 

III.     RELATIONSHIPS   TO  LIGHT 
Light  has  a  powerful  influence  upon  the  configuration  of  both  the 
thallose  and  the  foliosc  Hepaticae.    Etiolated  shoots  of  species  of  Mar- 


^  See  Goebel,  Zar  veigleichenden  Anatomie  der  Marchontieen,  in  Arbeiten  des  botanischen  Instituts 
in  Wiirzburg,  ii  (1878-82),  p.  539;  also  Pre«cher,  Die  Schlcimorgane  der  Marchantiecn,  in  Sitzungs- 
berichte  der  Wiener  Akademie,  Ixxxvi,  i  (1882).  ¥ot  the  Anthoceroteae  see  Ruge,  Beitnige  zur 
Kenntniss  der  Vegetationsorgane  der  Lebermoose,  in  Flora,  Ixxvii  (1893). 

*  As  in  many  alpine  plants.  See  Lazniewski,  Beitrage  zur  Biologie  der  Alpenpflanzen,  in  Flora, 
Ixxxii  (1896),  p.  234. 
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chantieae  and  other  thai  lose  forms  grow  erect*  and  remain  narrow  and 
folded  together ;  the  development  of  the  thallus  as  a  surface,  and  with  its 
characteristic  anatomical  construction,  only  takes  place  in  light  of  sufficient 
intensity^.  This  influence  of  light  upon  the  growth  in  surface  may  be 
limited  only  to  one  side  of  the  thallus.  I  found  a  species  of  Blyttia  upon 
the  bark  of  a  tree  in  Venezuela  which  usually  had  only  one  wing,  that  on 
the  side  away  from  the  substratum  ;  the  other  was  only  indicated  or  sup- 
pressed. Like  appearances  are  presented  by  foliose  Jungermannieae  when 
they  grow  clinging  to  a  pot  and  receive  their  light  from  above.  One  row  of 
leaves  then  appears  upon  the  side  away  from  the  substratum,  that  upon  the 
other  side  is  reduced  to  the  smallest  rudiments  ^.  This  conforms  with  what 
has  been  already  said  *,  that  the  leaves  are  arrested  at  an  early  stage  of 
development  in  etiolated  shoots  of  species  of  Jungermannieae.  What  is 
artificially  and  occasionally  developed  here  occurs  in  nature  regularly  in 
some  forms.  In  localities  marked  by  feeble  illumination,  for  example  in 
hollows  or  in  dark  woods,  Hepaticae  grow  with  the  peculiar  habit  which 
elsewhere  is  seen  in  germ-plants  or  in  shoots  which  are  half-etiolated  ;  the 
leaves  are  feebly  developed,  chiefly  in  the  form  of  cell-rows,  and  the  function 
of  assimilation  is  taken  on  mainly  by  the  elongated  shoot-axis.  These  are 
partly  the  forms  which  have  been  referred  to  as  '  rudimentary.'  In  most 
of  them  we  have  to  deal  with  an  arrest  at  a  stage  of  development  which  is 
passed  by  others,  and  this  arrest  stands  probably  in  relationship  to  the  con- 
ditions of  the  locality,  especially  those  of  feeble  intensity  of  light.  Experi- 
mental investigation  of  this  subject  is  still  wanting. 

The  peculiar  colouration  of  the  vegetative  organs  of  many  Hepaticae 
has  in  many  cases  a  relationship  to  light.  Green  is  the  colour  of  most  of 
them  but  not  of  all.     Every  one  knows  the  dark  copper  colour  of  the  tufts 


*  This  may  take  place  also  in  illaminated  shoots  if  they  are  cultivated  in  a  very  moist  atmosphere. 
See  Kamerling,  Znr  Biologic  nnd  Physiologic  der  Marchanticen,  in  Flora,  ixxxiv  (Erganznngsband 
nun  Jahrgang  1897). 

*  Plants  of  Marehantia  developing  from  gemmae  in  feeble  illumination  grow  very  slowly,  and 
are  arrested  at  an  early  stage  of  the  formation  of  their  tissue ;  see  Stahl,  Ober  den  Elnfloss  des 
soQoigen  nnd  schattigen  Standorts,  in  Jenaische  Zeitschrift  fiir  Naturwissenschaftcn,  xvi.  In  etiolated 
shoots  of  Fegatella  I  find  the  assimilation-tissue  only  in  the  form  of  single  cells  instead  of  cell-rows, 
and  not  developed  at  all  in  the  marginal  portions. 

'  See  Frank,  Die  natiirliche  wagerechte  Richtung  von  P/lanzenteilen,  Leipzig,  1870,  p.  70. 
Frank  does  not  express  himself  regarding  the  cause  of  the  suppression,  but  seems  to  consider  it  as 
the  result  of  want  of  room.  In  my  opinion  it  is  an  effect  of  light.  Let  us  suppose  that  the  plant 
at  first  grows  close  upon  the  pot  with  the  two  rows  of  lateral  leaves  clinging  to  the  substratum  and 
equally  developed.  If  the  light  now  should  fall  directly  upon  them  from  above,  the  transversely 
beliotropic  leaves  as  well  as  the  shoot-axis  would  experience  a  torsion  through  90**,  and  thus  a  row 
of  leaves  would  come  to  lie  between  the  stem  and  the  pot,  and  would  thus  be  entirely  removed 
from  light.  I  have  observed  the  same  phenomenon  in  the  distichously-branched  Musci,  for  example 
species  of  Hypnum.  If  these  lie  with  one  of  the  sides  bearing  twigs  towards  the  tree-stem,  the 
formation  of  twigs  is  suppressed  on  that  side  and  appears  only  upon  the  other. 

*  See  Part  I,  p.  341. 
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of  Frullania  upon  the  bark  of  our  trees,  and  more  striking  still  is  the  dark 
colour  of  Frullania  atrata  and  F.  atrosanguinea,  which  hang  in  long  strands 
from  the  trees  in  the  moist  woods  of  the  mountains  of  South  America.  The 
dark  colouration  is  particularly  striking  in  several  Antarctic  species  of 
Jungermannieae  collected  by  Will  in  South  Georgia.  The  Gymnomitrieae 
which  grow  upon  rocks  have  a  similar  dark  colour  which  is  only  developed 
in  them  as  in  others  on  the  portions  exposed  to  light,  and  is  brought  about 
by  the  deposition  in  the  cell-membranes  of  the  colouring-matter  by  the 
protoplasm.  Red  colouring-matters  are  tolerably  common,  for  example  in 
Physiotium,  Scapania  undulata,  and  others ;  the  scales  of  many  of  the  Mar- 
chantiaceae,  and  also  the  under  side  of  the  thallus  in  part,  have  a  purple 
colouration  ;  the  cell-wall  of  the  rhizoids  is  violet  in  many  species  of  Fos- 
sombronia.  We  may  agree  with  Stahl  in  regarding  the  dark  colouration  of 
many  Hepaticae  as  well  as  of  many  mosses  as  having  a  relationship  to  the 
absorption  of  heat\  But  this  point  requires  experimental  investigation. 
The  short  statement  by  Jonnson  ^  that  dark-coloured  individuals  of  Frul- 
lania Tamarisci  respire  and  transpire  more  feebly  than  green  ones  is  not 
sufficient  basis  for  the  settlement  of  the  question. 

We.  do  not  know  whether  the  yellow  colouring  of  many  species  of 
Lepicolea  has  any  biological  significance  \ 

IV.    RELATIONSHIPS   TO   OTHER   ORGANISMS. 

Reference  has  been  already  made  to  the  animal  lodgers  of  the  Hepaticae, 
and  now  we  have  to  consider  the  symbiosis  of  Nostoc  with  Blasia  and 
Anthoceros,  and  the  protection  against  animals  which  the  Hepaticae 
exhibit. 

The  mucilage-pits  of  the  Anthoceroteae  are  regularly  inhabited  by 
colonies  of  Nostoc.  The  hormogonia  of  Nostoc  penetrate  the  mucilage- 
slits  and  grow  into  colonies.  Their  presence  has  a  curious  effect  upon  the 
mucilage-pit,  it  closes  and  the  cells  of  the  wall  of  the  pit  grow  out  into 
tubes  which  branch  and  enter  into  such  intimate  contact  with  one  another 
and  with  the  colony  of  Nostoc  that  the  appearance  is  produced  of  a  paren- 
chyma-tissue within  the  intercellular  space  * 

The  leaf-auricles  of  Blasia  are  similarly  inhabited  by  Nostoc,  and  other 
Cyanophyceae  may  also  be  met  with  in  them.  These  cause  an  enlargement 
of  the  auricle  and  the  formation  of  a  much-branched  tube  which,  spreading 
from  a  single  cell,  grows  into  the  colony. 

We  have  no  experimental  evidence  giving  us  an  explanation  of  this 

*  Stahl,  Ober  bante  Laubblatter,  in  Aonales  du  Jardin  botaoiqne  de  Bnitenzorg,  xiii  (1896), 
p.  168. 

'  Jdnnson,  Recherches  sar  la  respiration  et  Passimilation  des  Mosdn^,  in  Comptes  Rendns*  cxix 
(1894). 

'  See  Czapek,  Zur  Chemie  der  Zellmembran  bei  den  Lanb-  und  Lebermoosen,  in  Flora,  Ixxxvi 
(1899),  p.  361. 

*  I^itgeb,  Untersuchnngen  iiber  die  Lebermoose,  Graz,  v  (1879),  p.  16. 
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symbiosis.  We  can  only  say  of  it  here,  as  elsewhere  in  AzoUaand  Gunnera, 
that  the  Cyanophyceae  only  enter  depressions  which  form  mucilage,  and  we 
gain  the  impression  that  the  algae  become  shut  up  in  them.  They  find  in 
them  protection  and  lodging.  Whether  they  benefit  the  host  or  not  we  do 
not  know  ;  perhaps  the  colonies  of  Nostoc  serve  as  reservoirs  of  moisture  on 
account  of  their  mucilage  ^.  Other  authors  ascribe  to  them  the  capacity  of 
assimilation  of  free  nitrogen  like  the  bacteria  of  the  tubercles  of  L^umi- 
nosae.  These  are,  however,  all  mere  conjectures,  and  experimental  proof 
can  alone  settle  the  point. 

Many  Hepaticae  are  not  eaten  by  snails  or  other  animals  *  because  usually 
they  possess  a  definite  *  protective  substance/  Mechanical  protection  by  thick- 
ening of  the  cell-membrane  is  only  seldom  met  with.  It  is  easy  to  prove 
by  chewing  them  that  many  Hepaticae  have  an  unpleasant  taste.  Their 
peculiar  smell  is  also  a  protection  to  many  against  animals,  and  this  odour  is 
naturally  associated  with  the  presence  of  oil-bodies  ^.  Experimental  proof  of 
this  is,  however,  wanting.  The  oil-bodies  lie  isolated  in  the  cells  of  the 
Marchantieae  or  they  may  be  in  numbers  in  the  cells,  and  they  consist  of  a 
ground-substance  or  stroma  in  which  the  drops  of  fatty  matter  are  embedded ; 
and  along  with  these  tannin  occurs  in  the  Marchantieae  and  in  other  species, 
perhaps  also  small  quantities  of  volatile  oil.  At  any  rate  these  substances 
so  deposited  must  be  regarded  as  excreta,  and  they  are  found  in  parts  which 
are  produced  in  the  dark ;  but  we  are  unable  at  present  to  say  what  is  their 
significance  in  metabolism.  Kuster,  who  examined  a  large  number  of  the 
Hepaticae,  found  them  wanting  only  in  Riccia  lamellosa,  Oxymitra  pyra- 
midata,  two  species  of  Clevia,  Metzgeria  furcata*  and  Metzgcria  pubescens, 
Jungermannia  bicuspidata  and  J.  Michauxii,  whilst  other  species  of  Riccia 
possess  them.    They  appear  to  be  altogether  wanting  in  Anthoceroteae. 


IV 

FERTILE  SHOOTS  AND  PROTECTION   OF  THE   SEXUAL 
ORGANS  OR  THE  SPOROGONIA   OF    HEPATICAE 

The  structure  of  the  sexual  organs  and  their  products  has  been  already 
described*.  Here  we  have  two  points  to  notice,  the  disposition  of  the 
sexual  organs,  and  the  influence  which  the  appearance  of  the  sexual  organs 

*  Goebel,  Die  Mnscioeen,  in  Schenk*8  Handbuch  der  Botanik,  ii  (i88a),  p.  360. 

*  Suhl,  Pflanzen  und  Schnecken,  Jena,  1888. 

'  W.  V.  Kiister,  Die  Olkorper  der  Lebermoose  nod  ihr  Verhalten  zu  den  Elmioplasten.  Inaug. 
Disaertation.  Basel,  1894.  The  literature  is  dted  in  this  paper.  Stahl  has  designated  the  oil- 
bodies  'protectiTe  bodies.' 

*  Whether  the  refringent  bodies  described  by  Stahl  in  MeUgcria  as  oil-bodies  are  really  so  or  not 
requires  fmther  investigatioa.  •  See  p.  9. 
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has  upon  the  vegetative  organs,  an  influence  which  finds  expression  in 
changes  of  form  of  these,  and  in  the  development  of  envelopes  for  the  sexual 
organs  or  the  sporogonia. 

I.     DISPOSITION  AND   PROTECTION   OF  THE  SEXUAL  ORGANS 
OR  SPOROGONIA. 

No  reference  is  required  here  to  monoecious  or  dioecious  conditions 
because  they  occur  in  one  and  the  same  genus,  for  example  in  Pellia. 
That  dioecious  forms,  in  the  absence  of  male  plants,  are  not  fertile  is 
a  matter  of  course,  but  it  may  be  seen  in  a  very  striking  manner  in  Lunu- 
laria  vulgaris,  which  for  a  long  time  has  been  known  in  North  Europe  in 
female  examples  only  ^,  this  form  having  been  introduced  probably  in  orange- 
casks  from  South  Europe.  It  has  increased  by  gemmae,  formed  groups  of 
arch^onia  but  no  sporogonia. 

In  the  thallose  forms  the  sexual  organs  always  sit  upon  the  dorsal  or 
upper  surface  of  the  thallus.  In  Riella,  where  the  existence  of  the  wings 
gives  an  appearance  of  another  arrangement,  the  disposition  of  the  sexual 
organs  is  the  same  (see  Figs.  9,  10) ;  the  antheridia  are  sunk  in  the  many- 
layered  wing ;  the  archegonia  are  found  on  the  two  sides  of  it.  Leitgeb 
has  divided  the  Jungermannieae  into  the  two  groups  of  acrogynous  and 
anacrogynous  according  to  the  point  of  origin  of  their  archegonium.  In 
the  acrogynous  group,  to  which  the  majority  of  the  foliose  forms  belong, 
the  apex  of  the  stem  is  used  up  in  the  formation  of  archegonia ;  in  the 
anacrogynous  group  this  does  not  occur,  yet  Calobryum  approaches  the 
acrogynous  forms  inasmuch  as  there  are  here  terminal  groups  of  archegonia 
and  antheridia  (Fig.  37). 

In  the  anacrogynous  Jungermannieae  and  in  the  Marchantieae,  two 
methods  of  disposition  of  the  sexual  organs  may  be  observed  ;  either  they 
are  disposed  irregularly,  as  for  example  in  Riccia,  Fossombronia,  the 
antheridia  of  Pellia,  and  others,  or  they  are  arranged  in  more  or  less  sharply 
limited  groups.  In  the  former  series  of  cases,  and  sometimes  also  in  the 
latter,  the  shoots  which  bear  the  sexual  organs  continue  their  growth  after 
the  formation  of  these ;  but  if  they  are  constructed  as  short  shoots  (see 
Fig.  68),  they  are  naturally  more  sharply  marked  off"  from  the  vegetative 
branches. 

The  primitive  disposition  is  the  difluse  as  it  is  found  in  Riccia.  Here 
the  neck  of  the  archegonium  reaches  beyond  the  surface  of  the  thallus, 
whilst  the  lower  portion  is  found  in  a  pit.  The  antheridia  are  also  sunk, 
and  completely  so.     The  mouth  of  the  pit  in  which  they  sit  projects  more 

'  The  statement  in  books  that  male  plants  are  rare  in  the  South  is  incorrect.  I  found  them 
everywhere  when  I  looked  for  them  in  Florence,  Rome,  Naples,  Sicily.  That  Lnnularia  seldom 
fruits  in  Italy  is  probably  a  consequence  of  its  period  of  fertilization  happening  in  spring  when 
the  requisite  mobture  for  the  process  is  often  wanting.  Cultivated  examples  fruit  abundantly  at 
Munich. 
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or  less  beyond  the  thallus  and  is  pierced  by  a  narrow  canal ;  in  general  the 

pit-mouth  projects  beyond  the  thallus  as  far  as  does  the  neck  of  the  arche- 

gonium,  but  this   requires   further    investigation.      When  the  antheridia 

discharge  their  contents  they  press  their  mucilaginous  content,  including 

the  spermatozoids,  out  of  the  narrow  canal 

traversing  the  mouth  of  the  antheridial  pit, 

and  owing  to  the  narrowness  of  the  canal 

there  may  be  a  gradual  emptying  of  the  an- 

theridium.     The  spermatozoids  may  either 

swim  freely  to  the  arch^onia  which  usually 

stand  in  a  channel  of  the  thallus,  or  they  may 

be  carried  to  the  neck  of  the  archegonium 

by  small   mites  or   other    animals.    As  a 

matter  of  fact  the  Riccieae  are  usually  found 

in  very  moist  localities. 

Monoclea  forms  groups  of  antheridia 
which  resemble  those  of  many  of  the  Mar- 
chantiaceae.  The  shoot  which  bears  the 
antheridial  groups  does  not  stop  its  growth 
upon  their  production,  but  that  bearing  the 
archegonia  does  so. 

In  Aneura  (Fig.  68)  the  sexual  shoots 
lag  behind  the  sterile  ones  at  a  very  early 
period  in  growth,    and    appear    in    consequence    as    lateral    appendages 
upon  the  margins  of  the  thallus.     These  shoots 
produce  either  antheridia  or  archegonia,  and 
with  their  appearance  the  growth  of  the  shoot 
ends.    Male  and  female  sexual  shoots  are  found 
upon  the  same  plant,  for  example  in  Aneura 
multifida,   but   they   may   be   upon   different 
plants.     The   antheridia  arise  in    progressive 
serial  succession  and  are  sunk  in  the  tissue  of 
the  shoot  which  bears  them.     As  they  stand 
close  together  in  the  greater  number  of  cases 
the  shoot  has  a  wavy  appearance. 

About  the  archegonia  of  Aneura  there  are 
arrangements  which,  whilst  they  protect  the 
arch^onia,  are  also  specially  fitted  to  retain 
drops  of  water  which  are  so  important  for 
fertilization.  This  is  a  point  which  has  been 
hitherto  overlooked.  Fig.  69  shows  a  group  of  archegonia  from  above. 
It  is  surrounded  by  an  envelope,  and  this  is  formed  from  the  two 
margins  of  the  thallus  first  of  all,  and  then  by  a  scale-like  growth  from 


Fig.  68. 
aalis  bei 
nified  5. 


Aneara    ^Paeadonenra)  erio- 
caalis  bearing  antberidial  branches.    Bfag- 


PiG.  69.  Aneara  sp.  Archej^nial 
shoot,  seen  from  above.  The  margin  is 
curved  upwards  and  grown  out  into  a 
number  of  scale^  Su  St,  Si.  A  scale- 
like outgrowth  IS  also  visible  at  the 
posterior  ead  of  the  shoot;  this  is  repre- 
sented in  the  figure  as  directed  upwards. 
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the  posterior  end  of  the  sexual  shoot.  It  is  specially  noteworthy  that 
the  margins  of  the  thallus  of  the  sexual  shoot  have  grown  out  into  a 
series  of  distinct  scales,  S-^y  S^,  S^^  on  the  left  side  of  the  figure.  These 
are  to  be  considered  as  an  indication  of  a  formation  of  leaves  and  they 
appear  only  upon  the  sexual  shoots^  not  upon  the  sterile  ones.  The  long 
drawn-out  lobes  of  this  envelope  form  an  apparatus  which  holds  water- 
drops. 

Whilst  in  Aneura  modified  lateral  twigs  of  the  thallus  are  formed  for 
the  purpose  of  bearing  the  sexual  organs,  in  Hymenophytum  and  Metz- 
geria  there  are  ventral  shoots  which  perform  this  service.  The  species 
of  Hymenophytum  shown  in  Figs.  13 
and  19,  exhibit  these  short  shoots  which 
bear  the  sexual  organs,  in  this  case 
the  archegonia,  upon   their  upper  side. 


Pig.  71.    S3rmpbyoffyna.    Group  of  archc^onU 

in  vertical  section.    To  the  left  the  perichaednm 

Fig.  70.    Blyttia  sp.    Group  of  archegonia  in  vertical  which  is  composed  of  one  simple  scale  only.    To 

section.     Surroanding  the   group  is  the  cup-like  peri-  the  right  the  thallus.    The  embryo  has  burrowed 

chaetium  and  within  this  the  primordium  of  the  '  perianth  *  into  the  tissue  of  the  stem  beneath  the  arche- 

y,y.  gonium,  this  tissue   has    originated  by  growth 

accompanied  by  cell-multiplication  after  fertilisa- 
tion. 

The  groups  of  archegonia  are  surrounded  by  a  cup-like  envelope,  the 
perichaetium  ^  (Fig.  13, y),  which  is  split  up  into  different  scales,  as  in 
Blyttia  (Fig.  70),  and  this  slit  perichaetium  forms  an  apparatus  for  collect- 
ing water-drops,  like  the  structure  described  in  Aneura.  Within  the 
perichaetium  there  is  developed  after  fructification  a  second  envelope,  the 
perianth  (Fig.  13,  S)  for  the  protection  of  the  sporogonium.  This  perianth 
is  also  seen  in  Blyttia  (Fig.  70,  J^J\     In  Metzgeria  no  special  envelope 


^  We  shall,  in  order  to  avoid  confnsed  nomenclature  and  the  coining  of  new  words,  name  the 
envelope  which  invests  the  group  of  archegonia  before  fertilization,  and  which  serves  for  fixing 
the  drop  of  water,  the  perichaetium,  and  the  envelope  which  grows  out  only  after  fertilization  the 
perianth.  Many  Hepaticae  have  only  a  perichaetium,  others,  like  Hymenophytum,  have  also  a 
perianth. 
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exists^,  its  place  is  taken  by  the  concave  curvature  of  the  sexual  shoot 
itself.  In  Symphyogyna  (Fig.  71)  the  group  of  arch^onia  is  protected  by 
a  single  scale-like  growth  of  the  thallus  which  forms  a  perichaetial  scale, 
whilst  the  antheridia  stand  singly,  covered  over  by  a  small  scale  on  the 
dorsal  side  of  the  thallus.  This  position  I  assume  to  be  the  original  one 
for  the  archegonia.  The  behaviour  of  Morkia  points  in  this  direction.  In 
it  there  are,  outside  the  perichaetium,  some  single  scales ;  whilst  in  Blyttia 
these  are  united  more  or  less  to  a  scale-like  envelope.  Such  a  homology 
can  only  hold,  however,  within  one  genus  or  within  a  very  near  cycle  of 
affinity,  and  in  other  Hepaticae  the  perichaetium  arises  certainly  in  another 
way  than  by  the  union  of  scales.     In  Pellia,  at  least  in  P.  calycina,  the 


Fig.  73.    Sphaerocarpus  terrestris.    Portion  of  a  female  plant  seen  from  above.     Many  pericbaetia,  each 
sarroandingr  one  archegoniam,  cover  almost  the  whole  surface  of  the  thallus.    Magnified  la. 

perichaetium  is  like  that  of  Blyttia,  only  that  its  mouth  inclines  towards 
the  apex  of  the  thallus,  as  there  is  formed,  not  only  behitid  the  archegonial 
group,  reckoned  from  the  vegetative  point,  but  also  in  front  of  it,  a  growth 
which  after  fertilization  grows  out  strongly  and  forms  with  the  scales  the 
envelope  of  the  sporogonium. 

The  combination  of  the  archegonia  in  groups  increases  evidently  the 
probability  of  fertilization.  Usually  only  a  single  embryo  develops  into 
a  sporogonium,  and  this  bores  into  the  tissue  underneath  the  archegonium  ; 
in  P.  calycina  1  have  occasionally  found  two  sporogonia  within  one  envelope, 
but  they  were  unequally  developed. 


^  This  is  at  least  the  case  in  Meizgeria  fiircata.  According  to  Stephani,  Hepaticae  Anstialiae, 
in  Hedwigia,  xxviii  (1889),  p.  268,  the  perichaetium  is  present  in  Metzgeria  australis,  and  there- 
fore it  is  possible  that  it  is  a  primitive  structure  in  the  genus  which  has  been  lost  in  most  species 
in  consequence  of  the  strong  incurving  of  the  sexual  shoot. 
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In  Sphaerocarpus  the  sinking  of  the  antheridia  and  archegonia  in  the 
thallus  is  impossible  because  this  only  consists  of  a  few  cell-layers.  Here 
the  cells  lying  around  the  incipient  antheridium  grow  up  around  it,  and 
this  envelope  forms  the  perichaetium  which  arches  over  the  apex  of  the 
young  antheridium  and  ends  in  a  lobed  projection  with  an  opening  at  its 
point,  A  similar  perichaetium  surrounds  the  archegonium  (Fig.  72). 
These  perichaetia  contain  chlorophyll  and  evidently  perform  some  work  as 
organs  of  assimilation. 

In  Fossombronia  (Fig.  61)  and  Haplomitrium,  the  antheridia  stand  free 
upon  the  surface  of  the  stem  ;  in  youth  they  are  protected  by  the  leaves  of 

the  terminal  bud.  Occasionally  they,  as 
well  as  the  archegonia,  are  protected  also 
by  scales  which  we  may,  with  Leitgeb,  con- 
sider as  the  remains  of  the  protecting  organ, 
no  longer  constantly  formed,  which  the  true 
thallose  ancestors  of  Fossombronia  pos- 
sessed. With  the  appearance  of  leaves  they 
became  superfluous  and  degenerated.  But 
the  case  of  Treubia  ^  shows  that  this  hypo- 
thesis cannot  be  generally  applied.  In  it 
the  dorsal  scales  belong  to  organs  of  the 
plant  which  constantly  occur,  evidently 
because  they  share  in  the  protection  of  the 
vegetative  point.  Calobryum  forms  a  tran- 
sition to,  or  rather  a  parallel  formation  with, 
the  acrogynous  Jungermannieae  in  so  far 
as  its  archegonia  and  also  its  antheridia 
form  terminal  groups  upon  the  leafy  shoots, 
and  conclude  the  growth  of  the  latter. 

Marchantiaceae.  The  Marchanti- 
aceae  are  distinguished  by  the  fact  that  in 
them  the  transformation  of  the  vegetative 
shoot-axis  into  sexual  shoots  reaches  its  extreme.  The  sexual  shoots 
here  form  the  peculiar  antheridiophores  and  archegoniophores  which  we 
know  in  Marchantia,  Preissia,  and  others.  In  the  series  all  gradations 
from  simplest  up  to  the  most  complex  development  are  found.  We  may 
distinguish  three  chief  stages : — 

I .  Diffuse  disposition  of  the  sexual  organs^  as  in  Bicoia. 
a.  Combination  of  the  sexual  organs  in  groups  without  transformation 
of  the  branches  which  bear  them.     This  is  the  case  in  Corsinia  where  the 
arch^onia  stand  in  pits  which  are  developed  by  the  suppression  of  the 


I 


Fig. 


1%.  Pla^ochasma  Aitonia.  Male 
plant  with  five  antheridia!  groups  seen  from 
above.  The  younger  groups,  like  the  v^e- 
tattve  point,  are  protected  by  overlapping 
scales.  Thcrjr  form  the  perichaetium  of^  the 
antheridial  groups.    Magnified  8. 


»  See  p.  39. 
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assimilation-tissue  ;  further,  we  find  it  in  Flagioohasma  (Fig.  73),  where 
antheridial  groups  are  repeatedly  developed  upon  the  back  of  the  thallus 
and  are  protected  by  enveloping  scales.  The  envelope-scales  form  the 
perichaetium  and  take  origin  in  the  same  way  as  the  ventral  scales  of  the 
thallus  already  described  ^  The  arch^onial  groups  are  ensheathed  in 
similar  perichaetial  scales,  which  stand  erect,  and  thus  can  readily  hold 
water  by  their  apices,  and  so  favour  fertilization.  In  Plagiochasma  I  found 
two  groups  of  archegonia  at  the  base  of  one  papilla  and  enclosed  by  an 
outgrowth  which  formed  a  shell-like  envelope.  The  papilla  is  constricted 
below  and  rounded  above,  and  then,  shortly  before  ripening  of  the  arche- 
gonia, it  grows  out,  so  that  the  constricted  part  below  the  archegonia  be- 
comes elongated  into  a  stalk.  There  is  thus  formed  a  structure  very  like  the 
stalk  of  the  archegoniophore  in  Marchantia  and  others,  but  which  has  quite 
another  origin.  There  are  in  Plagiochasma  then  very  simple  means  for  the 
protection  of  the  archegonia,  for  the 
furthering  of  fertilization,  and  for  the 
favouring  of  the  distribution  of  the 
spores.  The  head  of  the  archegonio- 
phore, if  it  develops  chlorophyll-tissue, 
which  IS  not  always  the  case,  has  sto- 
mata  of  the  usual  canal-like  form  \ 

3.  The  sexual  organs  are  borne 
upon  special  shoots  which  are  trans- 
formed into  radiately  branched  axes 
of  limited  growth.  Marchantia  and 
Preiflsia  furnish  well-known  illustra- 
tions of  this,  and  the  sexual  branches 
in  them  owe  their  origin  to  a  repeated 
forking  of  the  vegetative  point  of  the  fertile  shoot.  The  summit  of  the 
antheridiophore  is  disk-like  (Fig.  74),  and  that  of  the  archegoniophore  is 
cap-like.  These  structures  have  been  often  described  and  yet  their  bio- 
logical significance  has  not  yet  been  explained.  Why  should  male  and 
female  sexual  branches  have  a  radiating  construction?  Why  should  the 
male  be  differently  formed  from  the  female,  and  why  should  both  be 
stalked,  although  this  appears  to  be  useful  only  for  the  female  in  con- 
nexion with  the  distribution  of  spores?  What  significance  have  the 
different  envelopes  of  the  sexual  organs  ? 

This  disk  is  not  actually  radial  but  symmetrically  divisible  by  only 
one  plane.  This  appears  much  more  conspicuously  in  species  of  Marchantia 
other  than  the  endemic  M.  polymorpha.  The  fact  that  the  disk  of  the 
antheridiophore  consists  of  branches  of  the  thallus  each  with  progressive 


Pig.  74.  Marchantia  pol3rraorpha. 
with  two  antheridiophores  or  different  a^ ;  3,  cap  for 
gemmae.  B^  vertical  section  of  anthendiophore ;  a, 
antheridiam  sank  in  the  disk;  j,  the  vertical  scales: 
r,  rhizoids ;  /,  thallus.  Ay  nataral  size.  B^  magnified 
Lchrb. 


'  See  p.  30. 


"  See  p.  74. 
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formation  of  antheridia  at  its  v^etative  point,  may  be  connected  with  the 
fact  that  in  this  way  spermatozoids  capable  of  doing  the  work  of  fertih'za- 

tion  become  available  for 
a  long  period. 

As  to  the  difference 
between  the  antheridio- 
phore  and  the  archegonio- 
phore,  it  is  evident  that  the 
antheridia  remain  per- 
manently upon  the  upper 
side  as  in  all  other  Hepa- 
ticae;  the  archegonia  are 
laid  down  upon  the  upper 
side,  but  are  displaced  to 
the  under  side  where  they 
have  a  protected  position. 
The  disk-form  of  the 
summit  of  the  antheridio- 
phore  has  relation  to  its 
function.  The  lie  is  directed 
somewhat  upwards.  If  a 
drop  of  water,  say  a  rain- 
drop, fall  upon  the  disk  it 
spreads  out  quickly  there- 
on it,  as  Strasburger  has  re- 
marked ^ ;  and  if  the  an- 
theridia are  ripe  they 
empty  their  contents  into 
the  drop  of  water,  and 
when  a  new  drop  of  water 
falls  upon  the  disk,  it  will 
wash  off  the  greater  part 
of  the  previous  one  con- 
taining the  spermatozoids. 
The  disk  being  stalked  it 
is  enabled  to  throw  the 
water-drop  with  the  sper- 
matozoids further  than  it 
reaches    the  cap    of   the 


PlO.  75.  Mardiantia  polymorpha.  A^  female  plant  with  four  arche* 
Sooiopnores  of  different  ages ;  ^,  cop  for  gemmae.  Natural  size.  B^ 
cap  of  an  arcbegoniophore  seen  froln  below;  j/,  rays  of  the  cap;  A, 
penchaetium ;  sf^  young  sporogonium.  Magnified  3.  C,  vertical  section 
of  the  cap  of  an  arcbegoniophore :  A,  perichaetium.  Magnifietl  5. 
Z7,  yoong  sporogonium  still  within  the  archegonial  venter  in  vertical 
section;  tpf^  the  seta;  j/,  sporogenous  tissue;  itv,  wall  of  capsule; 
«w,  m-all  of  venter  of  arch^onium  ;  h^  neck  of  archegoninm  :  /,  '  peri- 
anth.* Magnified  70.  £",  ruptured  sporogonium  from  which  the  spores, 
J,  and  elaters  are  issuing ;  k^  wall  ofcapsule ;  c,  venter  of  archegonium ; 
^.'perianth.'  Magnified  10.  /^,  an  elater.  6^,  spores.  Magnified  315. 
H^  germ-plant ;  j,  spore  ;  vk^  germ-tube ;  A,  germ-disk  ;  v,  vegetative 
point  of  the  yoon?  plantlet ;  rk,  its  first  rhizoia  Magnified  100.  ^  " 
after  Bischoff.    J9,  Z7,  F-H,  after  Kny.    Lehrb. 


QE, 


could    were    it    unstalked^.      If  such   a   drop 


'  Strasburger,  Die  Geschlecbtsorgane  und  die  Befruchiung  bei  Marchantia  polymorpha,  in 
Pringsbeim*s  Jahrbiichcr,  vii  (1869-70),  p.  49. 

*  Whilst  the  advantage  of  the  stalk  of  the  archegoniophore  in  facilitating  spore-distribution  is 
clear,  that  of  the  stalk  of  the  antheridiophore  is  not  so  evident.  Might  it  be  a  survival  like  the  nipples 
in  a  male  Mammal  ?    The  explanation  I  have  given  in  the  text  seems  to  me  the  true  one. 
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archegoniophore  from  below,  the  incurved  rays  of  the  cap  hold  it  firmly. 
If  the  drop  falls  upon  the  upper  surface  of  the  cap,  and  it  may  do  so 
easily  so  long  as  the  cap  is  unstalked,  it  does  not  He  upon  the  convex 
surface  of  the  incurved  rays,  but  flows  down  in  the  grooves  between  them, 
carrying  the  spermatozoids  to  the  groups  of  archegonia  which  in  the  un- 
stalked cap  have  their  necks  directed  upwards^  and  are  therefore  readily 
fertilized.  The  necks  of  the  arch^onia  are  subsequently,  when  the  cap 
is  raised  up  on  its  stalk,  directed  straight  downwards,  and  fertilization  can 
then  only  be  brought  about  by  water  coming  up  from  below;  but  such 
a  movement  of  spermatozoids  between  the  bundles  of  rhizoids  upon  the 
stalk  appears  to  me  to  be  highly  improbable. 

In  addition  to  the  incurving  of  the  rays  of  the  cap,  which  only  later  spread 
out  if  the  sporogonium  develops,  the  perichaetium  also  supplies  a  mechanism 
for  holding  drops  of  water  (Fig.  75,  B^  h).  This  envelope  corresponds  to 
the  mussel-shell  envelope,  which  envelops  the  group  of  arch^onia  in 
Plagiochasma.  In  addition,  there  is  aroimd  each  archegonium  a  special 
envelope,  the  perianth  (Fig.  75,  Z?,  /),  which  before  fertilization  appears  as 
a  low  ring  around  the  base  of  the  arch^onium,  and  subsequently  g^ows 
over  it.  This  envelope  is,  with  reference  to  other  Marchantiaceae,  an 
entirely  new  formation,  and  it  seems  to  be  connected  with  the  necessity  of 
providing  a  strong  protection  against  drought  to  the  young  sporogonia 
which  are  seated  upon  the  stalked  archegoniophore.  It  is  absent  in  forms  of 
Marchantiaceae,  which  grow  in  shaded  localities,  or  in  which  the  sporc^onium 
is  only  borne  on  a  long  stalk  at  a  late  period  of  development. 

We  have  thus  endeavoured  to  bring  the  conformation  of  the  antheridio- 
phore  and  archegoniophore  of  Marchantia  into  relation  with  three  factors : — 

1.  The  distribution  of  the  spermatozoids  and  the  securing  of  fertilization. 

2.  The  prolongation  of  the  possibility  of  fertilization  over  a  long  period, 

and  with  this  is  connected  the  fact  that  several  sporogonia  may 
be  found  in  each  group  of  archegonia,  and  that  there  may  be  there- 
fore more  sporogonia  than  there  are  rays  to  the  cap. 

3.  Protection  of  the  sporogonium  and  the  distribution  of  spores. 

Let  us  compare  now  another  nearly  allied  form  which  has  an  altogether 
different  mode  of  life : — 

The  genus  Dumortiera  ^  develops  the  stalk  of  its  archegoniophore  only 
after  fertilization  has  taken  place,  and  from  this  we  might  conclude  that  the 
antheridiophore  should  be  unstalked.  This  is  the  case.  The  stalk  scarcely 
deserves  the  name,  and  at  most  it  serves  to  facilitate  the  throwing  off  of  water 
from  the  antheridial  disk.  As  the  genus  is  hygrophilous  we  should  not 
expect  a  special  envelope  to  the  arch^onium,  and  I  have  found  no  trace  of 


'  In  response  to  what  'stimnliu*? 

'  See  p.  73.    I  examined  two  species  which  I  collected  in  South  America,  and  the  Canary  Island 
species  D.  irrigna. 


Digitized  by 


Goo^^ 


88 


FERTILE  SHOOTS  IN  HEPATIC AE 


it,  and  in  this  I  differ  from  Leitgeb  ^  The  cap  of  the  arch^oniophore  is 
not  provided  at  the  time  of  fertilization  with  rays,  but  is  only  shghtly  nicked 
at  the  edge.  The  rays  which  appear  later  are  a  consequence  of  the  strong 
development  of  the  perichaetia  surrounding  the  several  archegonial  groups. 
Each  perichaetium  has  a  narrow  funnel-like  mouth  out  of  which  the  necks 
of  the  archegonia  project  to  a  considerable  extent,  and  it  is  filled  with 
mucilage  *.  The  numerous  scales  which  are  found  upon  the  cap  are  very 
striking;  they  are  partly  curved  upwards,  partly  directed  downwards, 
and  they  form  a  net-work  for  the  firm  retention  of  the  water  contain- 
ing the  spermatozoids.    The  entrance  of  the  spermatozoids  into  the  open 


Fig.  76.    Radala  tjibodensis.    An  archegonial  SToap  at  the  end  of  the  stem.    /)r,  leaves  of  the  perichaetium  ; 
/V,  incipient  perianth.    Tofts  of  rhizoids  are  shown  springing  forth  from  the  water-sacs. 

neck  of  the  archegonium  is  determined  by  chemotactic  influences,  and  only 
one  sporogonium  is  produced  from  each  archegonial  group.  In  Dumortiera 
the  biological  relationships,  fertilization,  distribution  of  spores,  and  so 
forth,  are  essentially  the  same  as  in  Plagiochasma,  whilst  the  morpho- 
logical features  are  different,  and  we  have  here  an  instructive  example  of 
how  the  same  end  is  reached  by  different  means. 

ACROGYNOUS  Hepaticae.  In  the  acrogynous  Hepaticae  the  pro- 
tection of  the  antheridium  is  effected  by  the  leaves  which  are  often  charac- 
teristically formed  for  this  purpose,  and  they  have  in  their  axil  one  or  many 
antheridia.  The  archegonia  also,  which  may  be  solitary  as  in  Lejeunia  and 
Phragmicoma,  or  in  groups  of  two  to  three   in  FruUania,  or  of  a  larger 

*  Leitgeb,  Untersuchungen  iiber  die  Lebermoose,  Graz,  vi  (1881),  p.  174. 
'  The  envelope  is,  as  in  Plagiochasma,  thicker  than  that  in  Marchantia. 
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number  in  Plagiochila,  Jungermannia,  of  as  many  as  a  hundred  in  Lopho- 
colea,  are  at  first  surrounded  by  leaves  which  form  the  perichaetium  (Fig. 
76,  Pc).  These  leaves  are  distinguished  from  the  v^etative  ones  mainly  by 
their  great  size  and  by  the  absence  of  the  adaptations  of  the  latter,  such  as 
the  formation  of  water-sacs.  Where  the  sexual  shoots  are  orthotropous  am- 
phigastria  often  appear  in  the  perichaetium,  even  though  they  be  absent  from 
the  vegetative  shoots ;  but  from  sexual  shoots 
which  are  not  orthotropous,  for  example  those 
of  Radula,  amphigastria  are  absent  as  com- 
pletely as  they  are  from  the  vegetative  shoots. 
Further,  most  forms  possess  an  organ  which, 
at  the  time  when  the  archegonia  are  ripe, 
appears  as  a  low  annular  wall  (Fig.  76,  Pi) ; 
this  grows  out  later  as  the  perianth,  and 
is  commonly  considered  as  being  formed 
of  three  concrescent  leaves,  although  I  think 
the  interpretation  is  doubtful.  It  appears  to 
me  to  be  much  more  likely  that  the  perianth 
is  the  descendant  by  inheritance  of  an  organ 
present  in  thallose  ancestors.  It  is  not 
present  everywhere ;  it  is  wanting  in  Tricho- 
colea,  Gymnomitrium,  and  in  the  Junger- 
mannieae  of  the  group  Geocalyceae. 

Triohooolea.  In  Trichocolea  pluma 
(Fig.  77),  which  I  collected  in  Java,  an  arche- 
gonial  group  is  found  at  the  end  of  a  thick 
branch  clothed  with  leaves  and  numerous  para- 
phyllia,  and  from  this,  as  usual,  only  one  sporo- 
gonium  is  formed.  The  archegonium  in  which 
fertilization  is  effected  achieves  only  an  insig- 
nificant growth,  but  the  embryo  penetrates  at 
an  early  period  into  the  tissue  of  the  stem 
which  furnishes  it  with  the  necessary  protection,  and  acts  as  substitute  for  the 
wanting  perianth.  If  we  limit  the  notion  of  calyptra  to  an  arch^onial  venter 
which  increases  in  size  after  fertilization,  Trichocolea  has  no  calyptra.  Such 
a  limitation  would  be,  however,  alike  useless  and  untenable.  It  is  incorrect  to 
say  of  this  genus  that  the  *  calyptra  is  woolly  on  account  of  the  adherent  invo- 
lucral  leaves  ^.'  There  is  no  concrescence  here,  and  the  *  wool '  is  formed  by  the 
paraphyllia^,  which  as  in  the  vegetative  shoot  are  organs  for  holding  water. 

The  significance  of  the  perianth  (see  also  Fig.  85)  for  the  ripening  of 


Fig.  77. 


, .      Trichocolea  plaxna.     Fertile 

branch  in  vertical  section.  Embryo  is 
shaded  H.  neck  of  the  fertile  arche* 
fonium:  A^  sterile  arch^onia.  The 
dotted  line  gives  the  outline  of  an  older 
embryo.  The  relationships  are  not  quite 
correctly  griven  in  the  figure  because  during 
development  of  the  sporogonium  the  upper 
part  of  the  fertile  branch  grows  in  length  ; 
It  does  not  remain  stationary. 


^  Schiffner,  Hepaticae,  in  Engler  und  Prantl,  Die  natiirlichen  Pflanzenfamilien,  p.  no. 
•See  p.  57. 


Digitized  by 


Goo^^ 


90 


FERTILE  SHOOTS  IN  HEPATICAE 


the  sporogonium  is  mainly  this,  it  hinders  the  entrance  of  water  and 
protects  from  drying  up.  Only  in  one  form,  Anthoceros,  do  we  find  water 
in  the  pit  which  surrounds  the  young  sporogonium,  and  this  water  is 
secreted  by  separate  cell-threads  which  project  into  the  pit.  Probably 
here,  as  in  the  case  of  some  Musci  in  which  the  dilated  calyptra  exudes 
water,  the  water  is  required  by  the  sporogonium ;  and  this  recalls  the 
exudation  of  water  in  the  flower-bud  of  many  Spermophyta. 

Calypogeia.    A  slimy  fluid  is  also  found  in  the  narrow  tube  at  the  base 
of  which  sit  the  archegonia  of  Calypogeia  ericetorum.     Calypogeia  belongs 


Pig.  78.    Calypogeia  ericetoruin.    Plant  with  fertile  root-like  shoot  at  the  translucent  end  of  which  the  fertile 

archegoniam  is  visible. 

to  a  group  of  Jungermannieae  which  has  been  designated  Geocalyceae, 
because  the  sporogonium  is  sunk  in  a  hollow  branch  which  in  fructification  is 
to  a  greater  or  less  extent  pushed  into  the  soil.  It  has  been  long  recognized  ^ 
that  this  group  is  a  biological  one,  not  systematic^  that  is  to  say,  its  special 
feature  is  a  character  of  adaptation  which  may  occur  in  different  groups, 
and  we  shall  see  that,  notwithstanding  opinions  to  the  contrary,  the 
adaptation  appears  in  different  forms  and  in  different  ways.  No  member 
of  this  group  has  a  perianth  ^ ;  other  structures  do  its  work  and  give  the 
ripening  sporogonium  protection,  especially  against  drying,  a  protection  the 
more  necessary  because  the  water-supply  available  to  these  plants  at  the 
time  of  the  development  of  their  sporogonium  is  by  no  means  a  ceitain  one. 
In  Calypogeia  ericetorum  (Fig.  78)  there  arises  upon  the  under  side  of  the 
plant  the  hollow  fertile  branch  which  penetrates  the  soil  like  a  root,  reaching 

^  See  Spruce,  On  Cephalozia  and  some  Allied  Genera,  Malton,  1882,  p.  9a.  Spnice  dwells  apon 
the  relationship  of  Acrobolbus  (G3rmnanthe,  Taylor,  pro  parte)  with  Alicalaria,  and  of  Calypogeia 
with  Southbya.     The  history  of  development  he  gives  of  the  Geocalyceae  is  incorrect. 

'  There  is  a  rudimentary  perianth  in  some  species. 
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a  length  of  almost  one  centimeter.  It  is  covered  with  hair-roots,  and  comes 
ultimately  into  a  position  which  facilitates  the  intake  of  water,  but  makes 
difficult  the  drying  up  of  the  shoot.  The  inside  of  the  hollow  branch  is 
lined  with  hair-like  cells,  and  on  these  there  are  present  special  papillae 
(Fig.  79,  p),  which  secrete  mucilage  and  contribute  to  keeping  the  growing 
sporogonium  moist ;  they  are  later  pushed  to  one  side  by  the  developing 
sporogonium.  The  history  of  this  sac,  in  which  the  sporogonium 
develops,  has  been  examined  by  Gottsche  and  Hofmeister.  The  arche- 
gonia  stand  primarily  upon  the  upwardly  curved  apex  of  a  short  ventral 
branch  which  is  surrounded  by  some  envelope-leaves.  The  summit  of  this 
branch  later  becomes  concave,  owing  to  the 
growth  upwards  of  an  annular  portion  of 
cell-tissue  under  the  point  of  attachment 
of  the  archegonial  group,  in  the  same  way 
as  happens  in  the  production  of  an  inferior 
ovary,  or  of  an  inflorescence  like  the  fig, 
and  thus  the  fertile  archegonium  finally 
comes  to  lie  at  the  bottom  of  a  tube,  on 
the  outside  of  which  are  some  leaves  and 
numerous  rhizoids.  The  zone  from  which 
the  growth  proceeds  is  recognizable  also  at 
a  later  period  (Fig.  79).  If  it  includes  the 
points  of  insertion  of  leaves,  then  we  find 
leaves  on  the  surface  of  the  tube  as  in 
Calypc^eia  Trichomanes ;  where  the  inser- 
tions are  not  included  leaves  are  absent,  as 
in  Calypogeia  ericetorum.  The  appear- 
ance of  leaves  on  the  outside  of  the 
tube  has  given  rise  to  the  incorrect  assumption  *  that  a  vegetative  point  lies 
in  an  umbilicate  pit  at  the  base  of  the  tube,  and  that  this  produces  leaves. 
Whence  could  this  vegetative  point  come  ?  The  vegetative  point  of  the 
fertile  shoot  is  used  up  in  the  formation  of  the  archegonia :  it  must  then 
belong  to  a  lateral  shoot,  and  this  leads  to  impossible  results.  Lateral 
shoots  occasionally  appear  on  the  fertile  shoot  of  Calypogeia  ericetorum, 
but  in  quite  another  position. 

Gymnanthe.  The  method  of  formation  of  the  tube  or  sac  for  the 
sporogonium  in  Gymnanthe  saccata  is  somewhat  different  from  that  observed 
in  Calypc^eia,  and  has  hitherto  been  incorrectly  described.  In  Calypogeia 
the  calyptra  is  almost  completely  concrescent  with  the  tube  of  the  fertile 
shoot,  but  this  is  not  the  case  in  Gymnanthe  saccata.  Springing  from  the 
under  side  and  near  the  apex  of  its  obliquely  ascending  stem  (Fig.  80,  i),  is 


Fig.  7g^    Calypogeia  ericetoram.    Half-dia- 

trrammatic  representation  of  a  fertile  sac  in 
ongitndinal  section.  ^,  raacilage  papilla; 
Ey  embryo :  N^  nutritire  tiasae  of  the  stalk, 
sL  of  thearchegoniam ;  Ay  sterile  arch^oniani. 
The  shading  indicates  the  zone  whence  growth 
of  the  sac  chiefly  proceeds. 


Schiffiaer,  Hepaticae,  in  Engler  nod  Prantl,  Die  .natiirlichen  Pflanzenfamilien,  p.  70. 
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a  thick,  fleshy,  brownish  body  upon  the  outer  side  of  which  I  found  but  few 
rhizoids.  It  appears  to  me,  from  an  examination  of  dried  specimens,  doubt- 
ful if  this  sporogonial  shoot  is  really  pushed  into  the  soil.  It  is  possible 
that  it  bends  down  the  plant  by  its  weight ;  this,  however,  can  only  be  deter- 
mined by  the  examination  of  living  plants,     In  the  juvenile  stages  there  is 

no  sac  only  a  solid  fleshy  body  upon  the 
summit  of  which  there  are  a  number,  about 
twenty,  of  archegonia.  The  archegonia  are 
found,  as  a  comparison  of  the  longitudinal 
with  the  transverse  section  shows,  in  a 
shallow  pit,  covered  in  great  measure  by 
the  neighbouring  leaves.  These  stand  about 
the  apex  of  the  shoot,  and  the  tissue  of 
the  shoot  has  grown  out  somewhat  about 
them  and  forms  also  underneath  the  arche- 
gonial  group  a  tuber-like  outgrowth.  The 
embryo  bores  into  the  tissue  which,  in  the 
case  examined  by  me,  contained  no  starch 
but  inulin,  and  dissolves  the  central  portion 
of  it  so  that  an  actual  sac  arises,  upon  whose 
summit  the  sterile  archegonia  and  the  very 
slightly  developed  calyptras  are  found  ^. 

But  it  is  remarkable  that  the  tissue  which 
the  embryo  has  to  penetrate  here  is,  at  first, 
so  massively  developed,  and  the  embryo 
follows  it  in  its  growth.  Evidently  the 
tuber  is  formed  only  after  fertilization  and 
doubtless  furnishes  the  material  at  the  cost 
of  which  the  embryo  grows.  The  fleshy 
character  of  the  tuber  is  evidently  connected 
more  with  the  provision  of  an  adequate  food- 
supply  than  with  that  of  water,  because  Gym- 
nanthe  saccata  is  adapted  to  a  moist  position. 
From  the  biological  side  then  the  sac-tissue  does  not  correspond  in  essen- 
tials with  the  sac  of  Calypogeia,  but  with  its  archegonial  foot,  which  is  only 
developed  after  fertilization,  and  into  which  the  sporogonium  penetrates. 

^  My  investigations  have  led  me  to  a  different  result  from  that  reached  by  Stephani,  Hepaticae 
Australiae,  in  Hedwigia,  xxviii  (1889),  p.  276,  who  says '  the  basal  portion  of  the  calyptra  is  soon  con- 
crescent  with  the  wall  of  the  sac,  and  as  this  elongates  progressively  the  calyptra  grows  out  into  a 
long  tube  at  whose  base  the  sporogonium  sits/  This  description  proceeds  from  the  assumption  that  the 
development  is  originally  like  that  in  Calypogeia,  and  that  there  is  formed  an  actual  sac  with  which  the 
calyptra  is  united.  Such  a  concrescence  does  not  take  place,  and  the  process  is  much  more  like  that 
observed  in  the  penetration  of  the  embryo  of  Blyttia  and  others  into  the  tissue  lying  below  them.  [I 
have,  since  the  above  was  written,  seen  living  specimens  in  New  Zealand,  and  convinced  myself  that 
the  *  sac  *  never  touches  the  ground.] 


Fig.  8a     Gsrrananthe   saccata. 
bearing  a  '  sac.*    Magnified  a.    11, 


I,   plant 
•sac' 


lonettudinal  section ;  the  embryo  indicated 
b^  dots.  Ill,  the  shallow  pit  upon  the  upper 
side  of  tlie  'sac*  in  which  the  archegonia 
stand ;  seen  in  transverse  section. 
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A  further  obscure  notion  which  is  found  in  the  literature  of  Hepaticae  concerns 
these  geocalycean  Jungermannieae,  that  of  the  'involucel.'  This  is  said  to  be 
a  special  '  second  envelope '  which  is  developed  *  within  the  calyptra ' ;  but  so  far  as 
I  see  it  is  only  a  collar-like  outgrowth  upon  the  suctorial  swollen  base  of  the  sporo- 
gonium.  To  speak  of  an  involucel  seems  to  me  superfluous.  A  similar  collar  is 
found,  as  Gottsche  has  shown,  in  Pellia  epiphylla  and  elsewhere.  We  have  here 
only  a  surface  increase  of  the  *  haustorium '  in  connexion  with  the  peculiar  con- 
figuration of  the  sac,  not  an  *  envelope.' 

2.  SUMMARY. 
If  now  we  review  the  relationships  which  I  have  depicted,  we  see  that  the 
differences  which  the  sexual  shoots  show  as  compared  with  the  vegetative 
ones  can  be  interpreted,  at  least  mainly,  from  the  biological  standpoint. 
We  have  on  the  one  side  the  securing  of  fertilization,  and  upon  the  other 
side  the  protection  and  nutrition  of  the  growing  sporogonium.  A  phyletic 
derivation  of  the  different  forms  of  construction  is  at  the  present  time 
impossible,  or  only  possible  in  a  very  limited  sense.  The  several  genera 
have  indeed  in  many  cases  reached  the  present  construction  of  their  sexual 
shoot  by  very  different  ways,  and  as  the  result  of  *  inner*  causes. 
In  consequence  of  this  many  parallel  formations  occur.  As  such  we 
may  note  the  envelopes  which  are  formed  about  the  single  archegonia  in 
Sphaerocarpus  and  in  the  Marchantieae,  the  perianth  of  BIyttia,  and  of 
the  foliose  Jungermannieae  and  others.  It  is  noteworthy  that  in  the  sexual 
shoots  there  is  frequently  an  indication  of  leaf-formation,  even  in  the 
thallose  forms,  as  we  see  in  Aneura  and  in  the  covering  scales  of  the 
antheridia  in  Morkia,  and  elsewhere,  and  this  fact  will  be  referred  to  again 
when  the  hypothesis  of  the  phyletic  origin  of  the  acrogynous  Jungerman- 
nieae is  discussed  ^. 


THE   SPOROGONIUM   OF   HEPATICAE 

1.     STRUCTURE  AND  LIFE-RELATIONSHIPS  OF  THE 
MATURE  SPOROGONIUM. 

The  increased  interest  which  has  been  shown  in  the  developmental 
history  of  the  Hepaticae  during  the  past  decades  has  brought  it  about 
that  the  structure  and  the  life-relationships  of  the  mature  sporogonium 
has  not  received  satisfactory  consideration.  I  therefore  put  this  subject 
prominently  forward,  as  the  mature  condition  is  the  ultimate  aim  of  all 
development,  and  is  therefore  the  most  important  2. 


>  Seep.  115. 

'  See  Goebel,  Archegoniatenstudien :  VI.  Uber  Function  and  Anlegung  der  Lebermoos-Elateren, 
in  Flora,  Ixxx  (1895),  P-  '• 
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The  production  of  the  spores  is  the  common  function  of  all  sporogonia, 
as  the  name  indicates,  and  the  spores  arise  by  division 
into  four  of  mother-cells.  The  configuration  of  the 
sporogonium,  in  spite  of  its  uniform  function,  is  very 
different,  and  the  function  of  distribution  of  the  spores 
is  frequently  associated  in  it  with  that  of  the  formation 
of  spores,  and  both  are  accomplished  in  manifold  ways. 
We  have  first  of  all  to  recognize  two  chief  types,  on 
the  one  side  that  of  the  series  of  the  Anthoceroteae, 
and  on  the  other  that  of  the  series  of  the  Marchantiaceae 
\Jr^TLxi^^\^^  ^^^  ^f  ^^^  Jungermannieae.  In  both  series  there  are 
SSf^onii^:  °?n^  parallel  formations,  for  example,  the  appearance  of 
b£?i^iikV^?SS"A>    elaters,  although  these  have  a  different  construction  in 

viriblc.         Natural     ««.      ^j^^   ^^^   grOUpS. 


I.    TYPE  OF  THE  ANTHOCEROTEAE. 

Anthooeros.  We  must  start  from  the  genus  Anthoceros  itself  (Fig.  8i). 
The  long  cylindric  structure,  which  is  not  segmented  into  stalk  and  capsule, 
is  here  characteristic.  The  basal  portion  only  is  somewhat  swollen  and 
developed  as  a   haustorium  from  which  there  pass  out  many   suctorial 

tubes  into  the  mother- 
plant  The  sporogonium 
has,  however,  an  abundance 
of  chlorophyll,  and  is  there- 
fore able  to  assimilate.  On 
this  account  the  outer  cell- 
layer  is  provided  with  sto- 
mata  which  have  the  same 
structure  as  those  of  the 
higher  plants  (Fig.  82). 
Stomata  are  known  else- 
where amongst  the  Bryo- 
phyta  only  upon  the  sporo- 
gonia of  some  Musci,  and 
they  furnish  thus  a  remark- 
able example  of  a  parallel 
formation. 

In  Fig.  8a  we  have  a 
transverse  section  of  a  spo- 
rogonium of  Anthoceros. 
The  many-layered  wall  functions  as  an  assimilation-tissue ;  in  the  middle 
runs  a  narrow-celled  strand  of  tissue,  which  ultimately  projects  between 


Pig.  82.    Anthoceros  punctatnt. 
gporogoniam  in  transverse  section. 


Immatare  sporiferous  portion  of 
Small-celled    colamefla    in  the 


centre^  connected  with  the  assimilating  wall-layers  by  sterile  cells 
which  would  become  daters.  Between  these  sterile  cells  are  the  spore- 
tetrads.    The  epidermis  shows  one  stoma. 
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the  two  lobes  of  the  opening  sporogonium  as  a  bristle,  this  is  the  columella. 
At  first  it  has  a  mechanical  function  in  relation  to  the  somewhat  pro- 
longed development  of  the  sporogonium.  It  forms,  in  a  certain  measure, 
the  frame-work  upon  which  a  net-work  of  sterile  cells  is  fastened,  between 
which  the  sporocytes  lie.  The  columella  has,  besides,  a  nutritive  function. 
It  passes  below  into  the  basal  portion  of  the  sporogonium  which  is  con- 
cerned with  the  taking  up  of  water  from  the  mother-plant  Transpiration 
from  the  surface  of  the  sporogonium  is  considerable,  especially  as  the 
sporogonium  continues  to  elongate  for  a  long  time  by  intercalary  growth ; 
it  opens  indeed  at  the  apex  before  the  spores  are  formed  in  the  lower 
part.  The  columella  is  then  comparable  with  the  *  central  strand '  of  many 
of  the  Musci  in  serving  as  a  channel  for  water.  The  columella  can  also 
supply  to  the  sporocytes  other  substances,  and  this  certainly  takes  place 
also  through  the  sterile  cells  between  the  spores,  as  they  are  in  con- 
nexion with  the  peripheral  layer  of  assimilating  tissue.  These  sterile 
cells  take  on  another  function  at  a  later  period.  They  separate  in 
great  part  from  the  wall  of  the  sporogonium  and  the  columella,  and  as 
they  dry  exhibit  movements  of  torsion  which  set  the  spore-masses  in 
movement  The  single  spores,  or  it  may  be  groups  of  them,  are  in  this 
way  thrown  out  along  with  these  elaters  from  the  open  sporogonium, 
and  this  proceeds  much  more  energetically  in  sunlight  as  will  appear  from 
what  follows.  Occasionally  as  in  Anthoceros  laevis,  A.  punctatus,  and 
others  these  elaters  exhibit  a  rudimentary  spiral  thickening  of  their  cell- 
membrane  ^,  but  in  other  species  of  Anthoceros,  such  as  A.  Vincentianus, 
A.  g^iganteus,  A.  multifidus,  A.  denticulatus,  and  others,  and  in  Dendroceros, 
the  spiral  thickenings  are  sharply  marked.  Elaters  with  prominent 
thickenings  act  as  more  energetic  exploding  organs  than  do  those  in  which 
only  rudimentary  thickening  is  present.  There  seems  to  me  to  be  no 
reason  for  considering  the  latter  as  reduced  forms  of  the  others  ;  rather  must 
we  see  in  these  elaters  an  illustration  within  the  series  of  a  progressive 
formation  of  one  organ.  The  elaters  in  the  Anthoceroteae  are  distinguished 
from  the  outwardly  similar  elaters  of  the  Jungermannieae  and  Mar- 
chantiaceae,  which  may  also  show  spiral  thickening,  by  the  fact  that  they 
are  composed  of  cell-rows. 

Notofhylas.  Douglas  Campbell  ^  has  recently  shown  what  the  con- 
dition is  in  Notothylas  (Fig.  83),  the  third  genus  of  the  Anthoceroteae,  and 
has  proved  that  Leitgeb's  views,  which  were  founded  upon  unfavourable 
material,  are  incorrect.  The  differentiation  of  archesporium  and  columella 
proceeds  in  exactly  the  same  way  as  in  Anthoceros,  only  the  intercalary 


'  Usually  there  are  two  thickening  bands  in  the  longitudinal  direction,  bnt  they  do  not  run  with 
a  straight  conrse. 
'  See  Douglas  Campbell,  The  Structure  and  Development  of  Mosses  and  Ferns,  London,  1895. 
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growth  is  less  marked,  and  the  division  of  the  archesporium  proceeds  some- 
what differently.  The  structure  of  the  ripe  capsule,  however,  shows  remark- 
able differences.  The  sporogonium  of  Notothylas  is  much  smaller  than  that 
of  Anthoceros  and  has  neither  an  assimilation-tissue  in  the  capsule  nor  has 
it  stomata.  Whether  the  sterile  cells  share  in  the  scattering  of  the  spores 
is  unknown  ^.  Further  investigation  is  required  to  determine  whether  some 
species  of  Notothylas  want  the  columella,  at  least  in  the  ripe  sporogonium  ^. 
The  Anthoceroteae,  in  all  their  characters,  appear  to  be  a  group  sharply 
differentiated  from  the  other  Hepaticae,  and  to  be  of  a  considerable  age. 


Pig.  83.  Notothylas  orbicuUris.  i,  thallas  in  lonffitudinal  section ;  z^  apical  cdl ;  to  the  right  of  this  a  yoan^ 
ardiegonmra,  9 1  <uid  an  older  one ;  Z7,  d.  lid-<^ls ;  A,  A,  neck-cells.  Magnified  600.  3,  young  sporogoniom  in  longi- 
tudinal section.    The  shading  indicates  the  archesporium.    After  Douglas  Campbell 

2.     TYPE  OF  THE  MARCHANTIACEAE  AND 
JUNGERMANNIEAE. 

The  sporogonia  of  the  Anthoceroteae  have  reached  a  somewhat  higher 
stage  of  differentiation  than  that  of  the  lowest  type  of  sporogonium  in 
the  Marchantiaceae,  for  in  this  there  is  no  special  arrangement  for  the 
scattering  of  the  spores.  Sporogonia  without  a  distributing  mechanism  occur 
then  amongst  the  Hepaticae  as  well  as  amongst  Musci,  but  such  sporogonia 
are  either  relatively  small  or  if  relatively  large  contain  but  few  relatively 
large  spores.  Wherever  we  have  numerous  small  spores  there  is  always  a 
special  arrangement  for  their  distribution  and  the  sporogonium  is  differenti- 
ated into  a  capsule  which  contains,  besides  spores,  some  sterile  cells  which 
serve  for  the  distribution  of  the  ripe  spores,  and  into  a  stalk  whose  basal  por- 
tion is  constructed  as  a  suctorial  organ.     By  the  elongation  of  this  stalk  the 

^  Probably  they  do  so  becanse  their  walls  show  spiral  thickening. 

'  It  may  be  suppressed  early  here  as  it  is  in  the  Ephemeraceae  amongst  the  Musci. 
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venter  of  the  arch^onium  is  ruptured  and  the  capsule  protrudes.  This 
elongation  is  a  rapid  one  and  is  due  to  the  great  increase  in  size  of  the 
stalk-cells  which  use  up  the  starch  which  lies  within  them.  The  wall  of  the 
capsule  opens  in  a  characteristic  manner,  the  spores  are  scattered  and  the 
thin-walled  cells  of  the  stalk  wither.  In  contrast  with  the  course  of  events 
in  the  Anthoceroteae,  the  sporogonium  has  but  a  short  existence  here  outside 
the  venter  of  the  archegonium.  It  lives  chiefly  as  a  parasite  at  the  cost  of 
the  sexual  generation  which  often  forms  a  special  nourishing  tissue  for  it. 

The  simplest  forms  of  sporogonia  are  cleistocarpic ;  the  relatively  large  spores 
escape  from  them  by  rotting  of  the  wall,  and  there  is  no  special  means  for  distribu- 
tion. In  the  more  complex  sporogonia  the  wall,  at  maturity,  ruptures  by  four 
valves  in  the  Jungermannieae,  and  in  different  ways  in  the  several  genera  of 
Marchantiaceae.  According  to  investigations  carried  out  in  the  Botanical  Institute 
at  Munich*,  a  lid-portion  always  separates,  except  perhaps  in  Targionia  in 
which  the  wall  breaks  up  into  several  irregular  pieces.  This  lid  is  either  in  one 
piece  or  it  breaks  up  into  single  cells.  The  remainder  of  the  capsule  forms  an  urn 
in  Reboulia,  Grimaldia,  and  others,  splits  into  four  lobes  which  are  afterwards 
divided  in  Lunularia,  rolls  itself  together  in  Fegatella,  and,  in  short,  shows  many 
variations.  The  illustration  and  description  of  the  tufts  of  elaters  hanging  on  the 
points  of  the  lobes  in  Lunularia,  which  have  been  again  put  forth  by  Schiffner,  are 
altogether  wrong,  although  such  an  arrangement  is  found  in  Aneura.  I  cannot, 
however,  discuss  here  these  relationships,  nor  give  the  details  of  the  deviations 
from  the  usual  manner  of  opening  that  may  be  observed  in  the  capsule  of  the 
Jongennannieae.  v 

With  regard  to  internal  differentiation,  we  find  in  the  Marchantiaceae 
and  Jungermannieae  the  following  types  : — 

I.  The  Sporogonium  is  Differentiated  into  a  Wall-layer 
AND  AN  Inner  Space  filled  only  by  Spores;  this  in  Riccia  and 
Oxymitra.  The  wall-layer  is  absorbed  early  in  Riccia  and  the  spores  are 
then  set  free  by  rotting  of  the  thallus. 

a.  The  Cells  within  the  Inner  Space  do  not  all  become 
Sporocytes  ;  a  portion  of  them  remain  Sterile. 

(A)  The  sterile  cells  are  only  nutritive  cells^  and  the  sporc^onium  has 
no  stalk,  but  at  the  most  a  short  appendage  which  acts  as  a  sucker ;  this  in 
Corsinia,  Riella,  and  Sphaerocarpus. 

Sphaerocarpos.  The  most  primitive  relationships  are  those  of  Sphaero- 
carpus, for  here  the  difference  between  sterile  and  fertile  cells  sets  in 
relatively  late.  It  is  remarkable  that  the  wall  of  the  sporogonium  at  an 
early  period  separates  from  the  content  (Fig.  84,  //),  which  is  surrounded 
by  a  slimy  fluid  comparable  with  that  which  is  found  in  the  'water- 
chambers'  of  the  calyptra  of  some   Musci*,  and  which  there  serves  as 


^  See  Andreas,  Ober  Baa  der  Wand  and  die  (^ffnaogsweise  der  Lebermoossporogons,  in  Flora, 
\xas\  (1899),  p.  161.  '  See  p.  153. 
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a  water-reservoir.  The  sterile  cells  are  distinguished  by  their  starch- 
content,  whilst  the  fertile  ones  contain  more  proteid,  a  difference  which 
appears  also  in  Aneura.  The  fertile  cells  are  the  larger  and  the  dis- 
position of  the  two  kinds  of  cells  is  such  that  at  first  groups  of  two  to  three 
sporocytes  with  a  few  sterile  cells  attached  to  them  are  formed.  The  fluid 
which  fills  the  inside  of  the  spore-capsule  renders  possible  perhaps  an 
exchange  of  material,  for  soluble  materials  may  pass  into  it  from  the  sterile 
cells  and  be  again  taken  out  of  it  into  the  fertile  cells.  At  any  rate  the 
fertile  cells  are  here  chiefly  nourished  by  the  chlorophyllous  sterile  ones  and 
by  the  chlorophyllous  wall  of  the  capsule ;  the  short  stalk  of  the  sporogonium 
disappears  so  soon  that  the  sporogonium  has  from  an  early  period  to  depend 
upon  itself  for  its  nourishment.  The  division  of  the  nuclei  in  the  sterile 
cells  ^  recalls  rather  the  nuclear  fragmentation  of  the  tapetal  cells  in  the 


Pia  ^.  Sphaerocarpas  teirettris.  /,  three  spore-tetrads  and  two  sterile  cells  from  a  ripe  sporoffODiaoi. 
11^  longitadinal  section  through  a  sporogoniam  aboat  half-developed,  the  sporocytes  are  not  yet  dtrided : 
c^  calyptra ;  /^  perianth. 

anthers  than  the  divisions  within  the  sporocytes.  The  spores  remain  in 
tetrads  (Fig.  84,  /) ;  the  sterile  cells  are  still  visible  when  the  spores  are  ripe. 

The  method  by  which  the  spores  are  set  free,  whether  by  rotting  of 
the  sporangial  wall  or  otherwise,  is  unknown  in  Riella  and  Sphaerocarpus, 
as  well  as  in  Corsinia.  Probably  in  them  all  the  spores  float  away  after 
the  sporogonium  has  withered.  In  Corsinia  the  sterile  cells,  as  in  Sphaero- 
carpus, are  still  living  at  the  time  of  the  ripening  of  the  spores,  and  are  pro- 
vided with  small  chloroplasts  ;  they  also  serve  as  nutritive  cells,  but  are 
externally  much  more  like  elaters  than  are  those  in  Sphaerocarpus. 

(B)  The  sterile  cells  are  provided  with  usually  spiral  thickenings ; 
they  are  spindle-formed  and  sometimes  branched;  they  are  dead  at  the 
time  of  ripening  of  the  spores  and  they  take  a  share  in  the  distribution  of 
the  spores.    This  is  effected  in  different  ways ;  sometimes  in  the  process 

^  Frequently  nuclear  division  is  followed  by  a  retarded  formation  of  ceU-waU  (see  Fig.  84,  /,  to 
the  left). 
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of  drying  spring-like  movements  of  the  sterile  cells  are  induced,  and  these 
are  the  more  energetic  the  quicker  the  process  of  drying  ^ ;  sometimes  after 
the  opening  of  the  sporogonium  hygroscopic  movements  bring  about  the  forma- 
tion of  a  loose  framework  which  occupies  a  larger  space  than  in  the  spore- 
capsule  and  from  which  the  spores  are  gradually  removed  by  air-currents. 

The  hygroscopic  movements  of  different  strength  brought  about  by 
varying  rapidity  of  drying  must  be  kept  in  view  in  the  following  grouping 
of  forms.  The  two  groups,  in  one  of  which 
the  elaters  act  as  ejecting-organs  whilst  in  the 
other  they  do  not,  are  not  sharply  separated 
from  one  another,  and  in  both  groups  there  are 
diflferent  types  to  be  distinguished. 

I.  The  Elaters  act  as  Organs  of 
Ejection. 
A.  There  are  no  Elaterophores. 
{ii)  Type  of  Jungermannia.  The  elaters 
are  free  ;  they  are  not  fastened  to  the  wall  of  the 
sporogonium  and  have  no  definite  arrangement 
inside  the  capsule.  The  capsule  opens  by  four 
valves,  and  the  moist  mass  of  spores  and  elaters 
is  thus  exposed  to  drying.  So  soon  as  the  wall 
of  the  capsule  ruptures  the  ejection  of  the  spores 
be^ns  ;  it  lasts  only  a  short  time  usually  and  is 
all  over  in  a  few  minutes.  The  existence  of  the 
sporogonium  finds  in  this  its  end.  Different 
species  of  Jungermannia  show  this  method,  also 
Plagiochila,  Chiloscyphus,  and  others.  A  modi- 
fication of  it,  leading  on  to  the  next  type,  is 
observed  in  Jungermannia  bicuspidata  (Fig.  85), 
J.  trichophylla,  and  others.  In  them  the  very 
long  elaters  are  fastened  by  their  base  to  the 
wall  of  the  sporogonium  ;  they  converge  inwards 
towards  a  zone  free  from  elaters.  In  the  open 
sporogonium  the  spores  are  seen  invested  by 
the  elaters,  which  with  their  free  end  exhibit  movements  of  torsion  and 
then  they  jerk  themselves  off  from  their  point  of  attachment  and  thus 


Fig.  85.  Jungermannia  bicuspidata. 
Stem  in  longitudinal  section.  /*,  pe- 
rianth. The  sporogonium  has  bored 
deeply  into  the  stem. 


^  In  the  Marchantieae,  for  example,  there  is  usually  no  marked  ejection  of  spores,  but  this  may 
occor  if  conditions  arise  which,  in  the  words  of  the  renowned  observer  of  last  century,  Kolreuter 
(Das  entdeckte  Geheimniss  der  Kryptogamen,  Karlsruhe,  1777,  p.  33),  whose  work  contains  many 
Taluable  observations,  I  may  describe  as  follows : — *  If  one  wishes  that  the  threads  of  the  capsule 
should  show  active  movement  one  must,  after  the  sporogonium  has  stood  in  the  shade,  place  it  in  the 
son,  or  where  the  sun's  rays  have  access,  and  where  there  is  little  moisture.    Then  as  the  moisture 
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throw  out  the  spores  which  are  seated  upon  them.    A  few  of  them  usually 
remain  upon  the  wall  of  the  capsule. 

[b)  Type  of  Fmllania.  Besides  Frullania  we  have  showing  this  type 
the  allied  genera  Lejeunia,  Colura,  and  Phragmicoma.  The  elaters  lie 
nearly  parallel  with  one  another  in  the  long  axis  of  the  sporogonium ;  their 
broadened  ends  are  united  to  the  inner  surface  of  the  capsule.  When  the 
sporogonium  opens  they  rupture  at  their  base  and  remain  with  their  upper  end 
seated  upon  the  wall  of  the  sporogonium.  The  opening  of  the  capsule  takes 
place  very  quickly  in  Frullania ;  a  touch,  and  the  spores  are  shed.  The  elaters 
are  evidently  stretched  by  the  bending  back  of  the  valves  ;  they  break  off 
from  them,  quickly  spring  loose,  and  throw  off  the  spores.     The  hygroscopic 

movements  which  the  elaters  also  exhibit  have  in  this  type 

only  a  subsidiary  importance. 

B.  Elaterophores  are  present. 
(a)  Type  of  Fellia^.  The  large  capsules  of  the 
species  of  Pellia  contain  spores  which  exhibit  the  first 
stages  of  germination  within  the  sporogonium,  and  there- 
fore become  cell-masses  ;  consequently  the  spores  are  not 
usually  thrown  out  to  a  distance.  The  dehisced  sporo- 
gonium of  Pellia  calycina  (Fig.  86)  exhibits  a  tuft  of 
many,  often  a  hundred,  long,  thread-like,  spirally-thickened 
cells  seated  upon  the  base  of  the  capsule.  In  P.  epi- 
phylla  the  threads  are  fewer  in  number  and  are  usually 
connected  one  with  the  other  at  their  base.  This  tuft  is 
the  elaterophore ;  the  special  free  elaters  have  been  shed 
from  it  with  the  spores.  A  section  through  an  unopened 
capsule  shows  in  its  centre  in  the  lower  part  a  cell-mass 
with  radiating  cells  which  will  become  the  elaterophore. 
Sporocytes  usually  do  not  exist  here.  The  work  of  the 
elaterophore  is  determined  by  the  manner  in  which  the 
In  P.  calycina  I  found  the  following,  which  I  give  in  supple- 


PlG.  86.    Pellia  caly. 
cina.  Sporogoninm 

oper  -"     '    '  •    • 


emptied 


>ened 
the  w^l  recurved,  and 


and 

the   valves  of 


an  elaterophore  of  many 
threads. 


capsule  opens. 


evaporates  from  the  sporogonium  their  movement  becomes  all  at  once  stronger  and  more  vigorous, 
and  the  spores  thus  loosened  are  thrown  off  in  a  cloud.  This  effect  is  most  strongly  seen  if  one 
focuses  the  light  with  a  burning-glass  upon  the  yellow  woolly  tuft.  This  experiment  may  be  made 
with  equal  success  upon  the  spikes  of  Equisetum.*  This  spring-effect  of  the  elaters  has  been  entirely 
overlooked  by  recent  authors. 

The  mechanism  of  the  movement  of  the  elaters  of  Hepaticae  has  recently  been  the  subject  of 
a  searching  investigation  at  the  hands  of  Kamerling  (Der  Bewegungsmechanismus  der  Lebermoos- 
elatercn,  in  Flora,  Ixxxii  (1898),  p.  157).  The  mechanism  is  not  the  same  in  all  elaters,  that  in 
Anthoceros  for  example  differing  from  that  in  most  of  the  Jungermanniaceae.  Kamerling  sees  in  this 
difference  of  mechanism  a  support  to  my  view  that  the  elaters  are  primarily  nutritive  cells  which  have, 
taken  on  as  a  secondary  duty  the  work  of  distribution  of  spores. 

*  See  Goebel,  Archegoniatenstudien  :  VI.  Ober  Funktion  und  Anlegung  der  Lebcrmoos-Elateren, 
in  Flora,  Ixxx  (1895),  p.  i.  The  literature  is  cited  here.  Also  Jack,  Beitrage  zur  Kenntniss  der 
Pellia- Arten,  in  Flora,  Ixxxi  (Erganzungsband  zum  Jahrgang  1895),  p.  i. 
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ment  to  my  earlier  statements.  The  capsule  opens  by  four  valves  which 
spread  out  nearly  horizontally.  Elaters  and  spores  exhibit  lively  move- 
ment, and  some  spores  are  occasionally  shot  out  to  a  short  distance.  At  first 
one  sees  nothing  of  the  elaterophore,  because  it  is  spread  like  a  web  over  the 
mass  of  spores  or  the  four  clumps  of  these.  This  mass  of  elaters  and  spores 
increases  to  a  larger  volume  than  it  possessed  within  the  capsule  and  rests 
first  of  all  upon  the  valves,  which  then  bend  backwards  more  and  more  and 
the  spores  consequently  fall  off,  if  they  have  not  been  carried  away  before 
by  the  wind.  But  this  does  not  happen  all  at  once,  because  the  elaterophore 
has  still  some  hold  on  the  mass,  and  forms  a  kind 
of  support  to  it.  Subsequently  the  elaterophore, 
which  with  the  opening  of  the  capsule  became 
diflfuse,  again  acquires  a  more  erect  form,  and  if 
spores  are  still  sticking  to  it  they  can  then  be  easily 
blown  off.  The  elaterophore  thus  secures  a  gradual 
sawing  of  the  spores  ^,  and  when  we  know  that  Jack 
counted  4^500  spores  in  one  capsule  of  Pellia  epi- 
phylla,  it  is  clear  that  it  is  a  matter  of  importance 
for  the  plant  that  these  should  not  fall  out  of  the 
capsule  in  great  numbers  together. 

(fi)  Type  of  Aneura,  including  Aneura,  Metz- 
geria,  Hymenophytum.  The  elaterophore  in  this 
type  is  more  specialized  than  in  Pellia,  where  it 
may  be  considered  as  a  peculiarly  developed  tuft 
of  elaters.  In  Fig.  87  we  have  a  representation  of 
a  longitudinal  section  through  the  ripe  capsule  of 
Aneura  pinguis.  The  elaterophore  appears  as  a 
tissue-mass  projecting  downwards  from  the  upper 
wall  of  the  capsule  and  the  loose  elaters  are  distri- 
buted in  a  radiating  manner  in  the  space  between 
the  spores.  The  elaterophore  splits  later  into  four 
parts,  and  the  lines  of  separation  are  very  early 
recognizable.  The  cells  of  the  elaterophore  have  semi-annular  thicken- 
ings, and  the  lowermost  of  the  cells  frequently  grow  into  pointed  cells  like 
elaters.  Between  these  projections  of  the  elaterophore,  as  well  as  in 
other  places,  the  ends  of  a  number,  not  all,  of  the  free  elaters  lie.  The 
capsule  opens  by  four  valves  which  assume  a  nearly  horizontal  position,  and 
the  mass  of  spores  and  elaters  divides  similarly  into  four  parts.  Each  one 
of  the  four  masses  thus  formed  and  lying  upon  a  valve  undergoes  a  torsion 
of  about  90**  at  its  point  of  attachment  to  the  elaterophore,  and  thus  the 
spore-mass  upon  each  valve  stands  erect     An  energetic  throwing  off  of  the 

*  Its  nntritiye  function  in  the  juvenile  stage  of  the  sporogonium  will  be  referred  to  below. 
See  p.  103. 


PiQ.  87.  Aneura  unguis.  Ripe 
capsule  in  longitudinal  section. 
Prom  the  summit  the  elaterophore 
hangs  into  the  spore  cavity  In  wludi 
are  many  spores  and  elaters.  Mag- 
nified. 
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spores  now  begins,  and  in  about  five  minutes  there  is  hardly  a  single  elater 
left  upon  the  elaterophore.  It  is  evident  that  two  things  are  achieved  by 
this  arrangement :  firstly,  the  spore-masses  being  raised  above  the  sporangia! 
wall  can  be  shot  out  further  into  the  environment,  and  secondly,  the  elon- 
gated cylindric  form  of  the  sporangium  results  in  a  more  thorough  dis- 
charge of  the  spores ;  and  in  correspondence  therewith  we  see  that  the 
elaterophore  is  more  developed  the  longer  the  capsule  ^ 

II.  Elaters  are  not,  or  not  usually  ^  Organs  for  the  Ejec- 
tion OF  Spores,  but  serve  to  hold  the  Mass  of  Spores. 

Features  of  this  kind  seen  in  Pellia  have  been  already  mentioned. 
Fossombronia  shows  the  same.  The  wall  of  its  capsule  separates  into 
single  pieces,  leaving  a  lower  scutellar  portion  which  acts  as  a  support 


Fig.  88.  Lophocolea  heterophylla.  Central  figtire.  Young  embryo  neen  from  oatside.  Pignre  to  the  left. 
Yoang  embryo  m  median  longitadinal  section.  Figure  to  the  right.  Older  embryo  in  median  longitudinal  section. 
Centnd  and  left  figure  magnified  300.    Right  figure  magnified  53.    After  Kienitc-Gerloff. 

to  the  mass  of  spores  and  elaters.  By  the  movements  of  the  elaters,  which 
have  little  power  as  organs  of  ejection,  the  mass  becomes  more  voluminous 
and  can  be  readily  gradually  removed.  The  Marchantiaceae  which  have 
been  examined  behave  in  exactly  the  same  way.  In  them  there  is  formed 
before  the  opening  of  the  capsule  a  voluminous  framework,  which  reminds 
one  of  the  capillitium  in  the  sporangium  of  many  of  the  Myxomycetes. 

The  function  of  the  elaters  just  described  is  only  exercised  in  the 
mature  condition.  I  do  not  doubt  that  they  have  also  some  significance 
during  the  development  of  the  sporogonium.  They  may  by  their  elongated 
form  act  as  channels  through  which  nutritive  material  may  be  transported 
to  the  sporocytes,  especially  in  cases  where  the  elaters  or  elaterophores  are 
united  with  the  sporangial  wall,  as  in  the  types  of  Frullania,  of  Aneura,  of 
Pellia,  and  in  Jungermannia  bicuspidata.  Where  the  elaters  lie  scattered 
amongst  the  spores  in  the  cavity  of  the  sporangium  they  must  always  act 

^  For  an  account  of  Metzgeria,  see  Goebel,  Archegoniatenstudien :  VL  Ober  Funktion  und  Anlegnng 
der  Lebermoos-EIateren,  in  Flora,  Ixxx  (1895),  p.  27. 
«  See  p.  99. 
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as  nutritive  cells,  giving  up  the  greater  part  of  their  contents  to  the  sporo- 
cytes.  This  service  is  facih'tated  by  the  wall  of  the  sporocytes,  like  that  of 
the  incipient  elaters,  taking  on  a  mucilaginous  character  at  a  middle  stage 
of  development.  Under  the  elaterophore  also  in  the  young  capsule  in  Pellia 
there  is  an  accumulation  of  starch  which  we  must  regard  as  the  surplus  of 
the  carbohydrate  after  the  elaterophore  has  taken  what  it  requires,  and  this 
starch  is  used  subsequently  and  evidently  not  for  the  construction  of  the 
elaterophore  alone. 

2.     DEVELOPMENT  OF  THE  SPOROGONIUM. 

We  can  recognize  more  than  one  type  of  arrangement  of  the  cells  in  the  earliest 
developmental  stages  of  the  embryo,  but  they  are  not  strictly  maintained : — 

Type  of  the  Jungermannieae  (Fig.  88).  This  is  the  most  common.  The 
fertilized  ^;g  is  first  of  all  divided  into  an  upper  and  an  under  cell  by  a  wall  at  right 
angles  to  the  long  axis  of  the  archegonium.  The  upper  cell  gives  rise  to  the  capsule 
and  the  stalk  of  the  sporogonium,  the  under  cell  appears  as  an  appendage  at  the  foot 
of  the  stalk  of  the  sporogonium  and  probably  serves  as  a  suctorial  organ.  A  somewhat 
older  embryo  shows  in  its  upper  part  a  number  of  transverse  disks,  each  of  which 
consists  of  four  cells  disposed  as  the  quadrants  of  a  cylinder.  The  apex  is  occupied 
by  four  cells  disposed  as  quadrants  of  a  hemisphere.  The  division-walls  of  this  mark 
the  four  lines  of  separation  along  which  the  capsule  subsequently  splits.  In  the 
simplest  cases  *  the  capsule  proceeds  from  these  four  quadrants.  Four  outer  cells, 
which  are  the  primordium  of  the  wall  of  the  capsule,  are  separated  by  periclinal  walls 
from  four  inner  cells,  which  are  the  archesporium  or  primordium  of  the  sporocytes. 
In  most  cases,  however,  the  four  cells  of  the  transverse  disk  next  these  quadrants 
share  in  the  formation  of  the  capsule,  as  for  example  in  Radula.  We  regard  as  the 
most  primitive  case  in  the  group  that  in  which  all  the  cells  of  the  embryo  *  form  the 
archesporium  and  therefore  the  nearer  to  this  the  development  of  a  sporogonium  is, 
the  later  the  differentiation  of  its  archesporium  will  be  completed.  Within  the 
sporogenous  mass  of  cells  which  arises  by  the  division  of  the  archesporium,  there  are 
formed  a  number  of  sterile  cells  which  become  the  nutritive  cells  and  elaters  already 
mentioned.  This  process  of  sterilization  proceeds  much  further  in  the  forms  which 
are  provided  with  elaterophores,  for  example  in  Aneura  palmata '  (Fig.  89),  It  is 
characteristic  of  this  species  that  a  separation  at  a  very  early  period  \s  observable  in 
the  sporogenous  mass  of  cells  by  which  two  meristems  arise,  of  which  the  one  with 
less  capacity  forms  the  elaterophore  which  occupies  the  chief  part  of  the  capsule, 
whOst  the  other  gives  rise  to  the  fertile  cell-tissue  which  only  subsequently  diffe- 
rentiates into  sporocytes  and  elaters.  The  cells  within  the  capsule  are  primarily  all 
alike,  as  in  other  Hepaticae.  The  peripheral  series  of  the  cells  becomes  subsequently 
marked  out  by  a  richer  protoplasm-content,  by  chlorophyll,  and  by  the  absence  of 
starch,  and  forms  the  secondary  archesporium,  whilst  the  inner  cells  form  the 


>  Which  are  precisely  those  furthest  removed  from  the  original  confignration,  for  example  in 
Pdlia,  FruUania,  Lejetmia.  *  With  the  exception  of  the  wall-layer  as  in  Riccia. 

'  Goehel,  Archegoniatenstudien :  VI.  Ober  Funktion  und  Anlegung  der  Lebermoos-Elateren,  in 
Flora,  Ixxx  (1895),  p.  24. 
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elaterophore.  We  may  assume  that  the  sterile  cells  serve  as  stores  of  food  and  as 
channels  of  food  to  the  fertile  ones,  and  that  this  is  the  reason  of  their  early 
differentiation.  Apart  from  the  interest  which  this  development  possesses  it  is  of 
importance  because  it  offers  an  oniogenous  procedure  which  upon  comparative 
grounds  we  believe  to  be  phyktic  in  Anthoceros. 

Deviations  in  the  cellular  construction  of  the  sporogonium  within  the  series  of 
the  Jungermannieae  are  only  known  in  Sphaerocarpus  and  Symphyogyna. 

In  Sphaerocarpus  the  embryo  has  an  elongated  form  and  is  therefore  divided 
at  first  into  transverse  disks  lying  one  above  the  other,  and  these  are  later  divided 
into  quadrants. 

The  embryo  of  Symphyogyna  has,  according  to  Leitgeb,  an  apical  growth  like 
that  in  the  case  of  Musci,  and  a  later  differentiation  of  the  spore-cavity. 


Fig.  89.    Aneara  palinata.    Two  sporogonia  of  different  age  showing  their  capsular  portion  in  longitudinal 
section.    The  '  fertile  '  tissue  is  shaded.     7*,  line  of  separation  of  elaterophore  and  wall  of  capsule. 

When  additional  forms  have  been  investigated  we  shall  probably  learn  of  more 
divergences  oscillating  around  the  type  as  in  other  cases. 

The  RicciEAE  and  Marchantieae  have  a  spherical  or  ovoid  embryo,  and  the 
arrangement  of  the  cells,  a  description  of  which  here  would  offer  no  point  of  interest, 
corresponds.  It  may  only  be  mentioned  that  Kienitz-Gerloff  says  of  the  Marchan- 
tieae that  the  first  wall,  which  is  at  right  angles  to  the  long  axis  of  the  archegonium, 
separates  the  capsule  and  the  stalk  from  one  another.  There  are,  however,  varia- 
tions, for  in  Targionia  ^  transverse  walls  appear  first  of  all  in  the  elongated  embryo, 
and  there  may  be  for  a  short  time  the  formation  of  a  two-sided  apical  cell,  but 
later  there  appears  in  the  upper  part  formation  of  quadrants.  That  the  embryo  of 
Riccia  is  the  most  primitive  of  which  we  have  knowledge  has  already  been  stated  ^. 

Type  of  Anthoceros.  As  the  mature  sporogonium  differs  from  that  of 
other  Hepaticae  so  also  does  its  development,  but  the  first  stages  of  the  development 


Goebel,  Die  Mnscioeen,  in  Schenk*s  Handbuch  der  Botanik,  ii  (188a),  p.  355.       '  See  pp.  97, 103. 
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resemble  those  of  the  type  of  Jungermannieae ;  the  embryo  consists  of  two  to  three 
tiers  of  cells  arranged  in  quadrants.  From  the  lower  proceeds  the  *  foot,'  from  the 
upper  one  or  two  proceeds  the  capsule.  The  cells  of  these  tiers  are  divided  by 
periclinal  walls  into  inner  and  outer  cells  (Fig.  83,  2).  But  whilst  in  the  other 
Hepaticae  the  outer  cells  form  the  wall  and  the  inner  cells  the  archesporium, 
here  the  archesporium  is  separated  off  from  the  outer  cells  by  further  periclinal 
division,  whilst  the  inner  cells  form  the  columella.  The  archesporium  is  a  cell- 
layer  in  the  form  of  a  bell-glass  with  the  mouth  downwards,  as  it  is  in  Sphagnum 
and  Andreaea,  amongst  the  Musci.  Originally  the  inner  cells  were  fertile,  but 
sterilization  has  taken  place,  as  in  the  case  of  Aneura,  and  this  along  with  the 
fact  that  the  layers  of  the  wall  of  the  capsule,  which  function  as  assimilation-tissue 
arise  by  further  periclinal  divisions,  shows  that  we  have  here  to  do  with  a  new  and 
later  formation.    The  archesporium  gives  rise  to  a  net-work  of  sterile  cells  as  well 


Fig.  qo.  Blyttia  vp.  from  Ceylon.  A  young  sporo^oniotn  ansea  from  the  upper  surface  of  the  thallua  and  is  in* 
▼eatcd  oy  the  cdrptra,  the  perianth  and  the  perichaetium.  Upon  the  g^roup  of  archegonia  to  the  left  the  perichae> 
tiom  alone  is  yidble  and  is  provided  with  a  tuft  of  hair-like  outgrowths. 

as  to  the  sporocytes,  which  lie  in  its  meshes  as  they  do  in  Aneura.  It  has 
already  been  shown  that  the  sporogonium  of  Anthoceros  is  an  independent  assimi- 
lating structure^.  The  embryos  of  other  Hepaticae  are  usually,  at  least  in  the 
earlier  stages  of  development,  also  chlorophyllous  but,  excepting  in  the  cases  of 
Sphaerocarpus,  Riella,  and  Corsinia ',  this  is  of  little  importance  for  their  nutrition, 
and  they  live  mainly  at  the  cost  of  the  mother-plant.  The  basal  portion  of  the 
embryo  bores  deep  into  it,  and  there  is  frequently  a  meristematic  tissue  which  is 
developed  after  fertilization  has  taken  place  in  Pellia,  Aneura,  and  others.  In 
Calypc^eia  there  is  a  very  greatly  developed  *  foot '  to  the  embryo. 

The  effect  of  fertilization  is  not  confined  to  the  formation  of  the  embryo  alone, 
but  is  often  seen  in  the  production  or  the  further  development  of  envelopes  to  the 
ripening  sporogonium  as  has  been  shown,  but  I  may  mention  one  further  example. 


»  See  p.  94. 


«  See  p.  98. 
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In  Fig.  90  a  young  sporogonium  of  a  species  of  Blyttia  is  seen  to  the  right.  It  is 
surrounded  by  a  two-fold  or  three-fold  envelope,  as  well  as  by  a  calyptra.  In  its 
uppermost  part  only  is  this  formed  by  the  archegonial  venter,  it  is  in  the  main 
composed  of  the  tissue  lying  below  the  archegonium  into  which  the  stalk  of  the 
sporogonium  has  burrowed.  It  appears  indeed  as  if  this  *cal3rptra'  were  the 
remains  of  the  unfertilized  archegonium.  Outside  the  calyptra  there  is  a  much 
longer  and  wider  envelope,  the  perianth,  which  when  the  archegonium  is  ripe  exists 
only  as  a  small  annular  wall,  and  receives  by  fertilization  the  stimulus  to  further 
growth.  It  is  provided  above  with  a  tuft  which  prevents  the  entrance  of  water-drops 
into  the  interior.  Outside  and  below  this  is  the  perichaetium,  which  is  only 
slightly  increased  after  fertilization. 


VI 
GERMINATION  OF  THE  SPORES  OF  HEPATICAE 

The  spores  of  the  Hepaticae  are  unicellular.  Where  pluricellular  bodies 
occur  in  the  sporangium,  as  in  Pellia,  Fegatella,  and  Dendroceros,  we  have 
cases  in  which  germination  has  proceeded  within  the  sporc^onium,  and 
they  are  not  uncommon  m  the  inhabitants  of  moist  localities  ^  These 
pluricellular  bodies,  like  the  relatively  large  spores  of  Riccieae,  are  chiefly 
distributed  by  being  washed  away  from  the  sporangium,  whilst  in  the 
majority  of  the  Hepaticae  the  spores  are  distributed  by  wind. 

The  size  and  investiture  of  the  spores  are  very  different  even  in  nearly 
allied  forms:  Marchantia  has  small  thin-walled  spores,  Preissia  has  large 
thick-walled  spores.  Formerly  the  cell-wall  was  said  to  be  composed  of 
a  cuticularized  exine,  and  a  cellulosic  intine,  but  Leitgeb^  distinguishes 
three  membranes:  the  exosporium^  consisting  of  two  different  layers,  of 
which  the  inner  belongs  to  the  spore  itself  and  is  the  special  exine,  whilst 
the  outer,  the  perinium,  is  laid  down  later  upon  the  exosporium  and  is 
composed  of  parts  of  the  sporocyte.  In  Fig.  91,  is  a  representation  of 
a  perinium,  which  is  an  outer  folded  membrane.  The  function  of  the 
perinium  is  protective,  especially  against  drought,  and  it  is  in  general 
more  strongly  developed  in  xerophilous  forms  than  in  hygrophilous.  Its 
relationships,  however,  are  not  clear.  Leitgeb  puts  on  one  side  the 
suggestion  that  the  perinium  is  a  protection  against  drought,  and  ascribes 
this  to  the  exine  because  the  perinium  is  well  developed  in  Corsinia  which 
inhabits  moist  places.  But  it  may  be  asked  if  these  places  are  really 
constantly  moist     Certain  is  it,  especially  in  the  aquatic  Riccieae,  that  the 


*  See  Goebel,  Pflanzenbiologischc  Schilderungen,!  (1889),?.  133,  where  I  arrange  this  phenomenon 
with  the  vivipary  observable  in  higher  plants. 

'  Leitgeb,  Ueber  Ban  und  Entwicklting  der  Sporenhante,  Graz,  1SS4. 
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perinium  provides  a  protection  against  fungi.  The  perinium  can  certainly 
have  nothing  to  do  with  a  long  resting  period,  because  thick-walled  spores 
like  those  of  Corsinia,  Preissia,  Anthoceros,  and  Sphaerocarpus  germinate 
a  few  days  after  they  are  sown.  The  vesicular  swellings  of  the  perinium, 
which  are  found  so  markedly  in  Grimaldia  (Fig.  91)  may,  like  the  analogous 
structures  on  the  pollen-grain  of  Pinus,  be  regarded  as  a  parachute- 
apparatus,  but  at  the  time  of  the  bursting  of  the  capsule  they  contain 
no  air.  Leitgeb  thinks  their  significance  lies  in  this,  that  they  increase 
the  volume  of  the  spore  in  germination,  and  at  the  same  time  are  also 
a  protective  investiture.  I  confess  that  this  explanation  appears  to  me 
unsatisfactory  ^  and  that  in  order  to  obtain  a  clear  idea  of  the  relationships 
of  the  structure  of  the  envelopes  of  the  spores  a  thorough  investigation 
of  the  conditions  of  life  of  the  several  species  is  necessary.  We  particularly 
want  to  know  when  in  nature  the  germination  of  the  spores  takes  place. 

As  in  other  groups  we  find  amongst  the  Hepaticae  forms  whose  spores 
are  arranged  for  immediate  development, 
and  which  cannot  undergo  a  long  period 
of  drought,  and  those  which  can  or  must 
pass  through  a  resting  period.  The 
germination  is  heteroblastic  ^  There 
is  formed  first  of  all  a  pro-embryo  of 
simple  configuration  on  which  the  plant  fig.  91.  Gnmaiaa  dichotoma.  spore  to  the 
then  develops,  but  pro-embryo  and  plant  JS^e^^fon"  colitStrf "d  JS'y'dSS  T^e'cSS 
are  less  sharply  distinguished  from  one  ^'  °''*^^  "^^ '"™  protuberance.. 
another  than  is  the  case  in  the  Musci,  because  in  most  cases  the  plant  arises 
from  the  terminal  cell  of  the  pro-embryo.  'The  configuration  of  the  pro- 
embryo  varies  greatly  and  is  in  part  the  result  of  external  factors  ^  As 
some  interesting  questions  crop  up  in  connexion  with  the  germination  a 
few  illustrative  cases  will  be  described. 

I.    JUNGERMANNIACEAE. 

Thallose  Forms.  The  phenomena  of  germination  in  Metzgeria  and 
Aneura  are  very  simple. 

In  Metsgeria  *  the  spore  divides,  after  increasing  in  volume,  by  a  trans- 
verse wall  into  two  cells  which  are  usually  of  unequal  size;  in  the  one, 
the  smaller,  a  two-sided  apical  cell  is  formed  by  a  wall  inclined  obliquely 
to  the  long  axis,  and  by  its  division  a  cell-surface  which  is  one  cell  thick 
arises.     Later  a  mucilage-papilla  develops  at  its  vegetative  point,  a  midrib 


'  In  Contnui  the  perinium  consists  of  separate  layers,  which  permit  of  the  expansion  of  what  is 
within* 

'  See  Part  I,  p.  143-  '  See  Part  I,  p.  145. 

*  See  Goebely  Ober  die  Jngendzostinde  der  Pflanzen,  in  Flora,  Ixxii  (1889),  p.  15;  id.  Arche- 
fomatenstsdien  :  VllL  RUckschlagsbildnngen  imd  Sprossnng  bei  Metzgeria,  in  Flora,  Izxxv  (1898). 
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forms,  and  thus  the  characteristic  appearance  of  the  thallus  of  Metzgeria 
is  produced.  The  length  of  the  first  thread-like  portion  depends  upon  the  in- 
tensity of  the  light ;  the  feebler  this  is  the  later  is  the  cell-surface  produced. 
Aneura  behaves  in  the  same  way,  and  in  it  branched  germ-threads  have 
been  observed.  The  germination  of  its  gemmae  also  corresponds  with  that 
of  the  spores. 

The  germination  of  Blyttia,  Morkia,  Monoclea,  Hymenophytum,  and 
Symphyogyna  is  not  known. 

The  spores  of  Pellia  begin  their  germination  within  the  sporogonium 
and  form  there  a  chlorophyllous  cell-mass  at  one  end  of  which — its  position 
in  the  sporogonium  is  unknown — is  a  clear  cell  which  grows  out  into  the 
first  rhizoid  whilst  the  development  of  the  plantlet  commonly  starts  at 
the  other  end  of  the  cell-mass.  The  cell-mass  may, 
however,  be  so  placed  that  rhizoids  arise  equally  at 
both  ends  of  it  and  the  primordium  of  the  plant 
appears  in  the  middle  of  the  pro-embryo.  External 
factors  apparently  determine  the  position  of  the 
primordium,  and  the  apparent  polarity  of  the  pro- 
embryo  observable  in  the  inception  of  the  rhizoids 
is  by  no  means  fixed  ;  it  only  appears  if  the  embryo 
stands  erect  and  different  species  of  Pellia  behave 
differently  in  this  respect. 

ACROGYNOUS  Forms.  The  germination  of  Prul- 
lania  and  Madotheca  after  the  sowing  of  the  spores 
runs  the  same  course  as  that  of  Pellia.  An  ovoid 
cell-mass  arises  out  of  the  spore  and  becomes  fastened 
to  the  substratum  by  rhizoids.  An  outer  cell  of  this 
becomes  an  apical  cell  of  the  leafy  stem.  What 
the  relationship  of  this  method  of  germination  to 
the  conditions  of  life  is  we  do  not  yet  know. 

On  the  other  hand  this  relationship  is  quite 
evident  in  the  case  of  Radula  and  in  Lejeunia. 

Badula.  In  Radula  a  cake-like  cell-surface  is  produced  out  of  the 
spore  which  has  quite  the  same  configuration  as  the  gemma  of  this 
plant,  only  that  the  gemmae  show  at  their  base  the  point  of  attachment. 
From  one  cell  on  the  margin  of  this  cake-like  pro-embryo  the  primordium 
of  the  leafy  plant  arises.  It  is  clear  that  the  configuration  of  the  pro-embryo 
and  of  the  gemmae  fits  them  to  anchor  rapidly  upon  the  rind  of  a  tree  or 
upon  a  leaf,  and  this  would  be  a  marked  benefit  to  the  epiphytic  forms. 

Ifejeimia.  The  like  is  seen  in  the  large  genus  Lejeunia.  In  Fig.  92,  i, 
we  have  an  illustration  of  the  elongated  spore  of  Lejeunia  serpyllifoHa.  It 
divides  by  a  transverse  wall,  and  this  may  be  repeated  (Fig.  92,  3)  and  thus 
a  short  germ-tube  arises.     Usually,  however,  shortly  after  the  first  division, 


P1G.Q3.  Lejeunia.  Germina- 
tion of  spore.  1-4,  Lejeunia 
serpyllifoHa.  Exosporium,  in- 
dicated by  dotted  line,  is  here 
as  in  many  other  forms  not 
ruptured  but  greatly  stretched. 
5.  Lejeunia  sp.  from  South 
America.    Pro-embryo. 
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the  formation  of  a  two-sided  apical  cell  takes  place  in  one  of  the  two  cells 
whilst  the  other  divides  by  a  longitudinal  wall  and  then  there  is  produced, 
according  to  the  species  and  to  the  external  conditions,  a  broader  or  smaller 
cell-surface  (Fig.  9a,  5),  which  can  then  multiply  by  adventitious  shoots. 
The  leafy  plant  finally  proceeds  from  the  apical  cell  of  the  pro-embryo. 
Comparing  the  construction  of  a  gemma  (Fig.  45,  III),  we  find  that  the  cell- 
surface  of  the  gemma  upon  its  short  stalk  has  usually  two  wedge-shaped 
apical  cells  out  of  each  of  which  a  leafy  shoot  may  proceed.  Suck  a  gemma 
then  corresponds  with  two  pro-embryos  united  with  one  another  at  their  base 
or,  what  is  the  same  thing,  with  a  pro-embryo  which  is  bipolar.  The 
difference  between  the  germination 
of  the  spore  and  of  the  gemma 
consists  merely  in  this:  in  the 
spore  there  is  a  polarity  which  is 
not  present  in  the  gemma  develop- 
ing free  upon  the  leaf  ^  If  we 
consider  these  differences  we  shall 
find  that  there  is  no  essential  dif- 
ference between  the  germination 
of  spores  and  the  germination  of 
gemmae.  We  might  also  show 
for  Marchantia  that  the  apparently 
great  difference  between  germina- 
tion of  the  spore  and  the  develop- 
ment of  gemmae  is  conditioned 
purely  by  the  lie  of  the  gemmae 
as  they  are  formed. 

In  Lejeunia  also  if  the  outer 
conditions  are  not  favourable  pro- 
embryo  and  gemma  grow  into  a 
thallus  before  the  leafy  plant  is 
produced^  and  this  is  normally  the  case  in  an  epiphyllous  species  of  Lejeunia 
which  I  found  in  Java  and  named  L.  Metzgeriopsis  (Fig.  93).  This  remark- 
able plant  has  a  thallus  which  is  richly  branched  and  bears  appendages  at 
the  margin, — cell-rows  which  arise  in  regfular  serial  succession  at  the  vegeta- 
tive point  and  may  be  considered  as  rudimentary  leaves.  This  thallus, 
&stened  firmly  to  the  substratum  by  its  rhizoids,  propagates  itself  by 
gemmae.  Leafy  shoots  appear  as  short  appendages  upon  it,  and  these 
have  the  sole  function  of  producing  sexual  organs,  and  their  further  vegeta- 
tive development  is  not  possible  so  far  as  we  know.  The  thallus  is  then 
nothing  else  than   a  giant  pro-embryo   possessing  a   peculiar  vegetative 


Pig.  93. 


Lejeonia  Metx?eriop6ia 


tion  in  the  text    Magnifii 


Male  plant.    Descrip- 


'  It  is  attached  somewhat  diflferently  from  that  in  Radala. 
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body  which  elsewhere  is  only  a  rapidly  passed  over  developmental  stage. 
In  Protocephalozia  ephemeroides  and  amongst  the  Musci  we  shall  find 
similar  cases. 

In  other  Hepaticae,  such  as  Iiophocoles,  Chiloscyphus,  Calypogeia, 
and  Cephalozia,  the  spores,  which  have  a  finely  granular  exosporium, 
produce  in  germination  a  tube  which  becomes  a  cell-row  by  the  formation 
of  transverse  division-walls.  It  forms  then,  as  in  Aneura  and  Metzgeria 
a  cell-thread  which  may  also  branch,  and  it  is  of  interest  to  note  that 

in  Calypogeia  Trichomanes,  for  example,  stages 
of  germination  similar  to  those  of  Lejeunia  appear 
occasionally,  that  is  to  say,  a  cell-surface  growing 
by  means  of  a  two-sided  apical  cell  develops,  and 
we  have  here  a  proof  that  this  is  only  a  modi- 
fication or  a  further  development  of  the  fila- 
mentous stage.  Out  of  the  end-cell  of  the  thread 
or  cell-surface  there  arises  a  three-sided  pyra- 
midal apical  cell,  and  thence  the  development 
of  the  leafy  stem  proceeds.  Regarding  the 
primary  leaves  of  this  plant  I  shall  say  some- 
thing below.  Here  I  will  only  point  out  that 
the  amphigastria  appear  afler  the  lateral  leaves. 
In  the  position  of  amphigastria  there  frequently 
arise  at  first  mucilage-papillae  which  are  after- 
wards, by  division  of  their  supporting  cells, 
carried  up  upon  the  point  of  scales.  The 
germination  of  the  gemmae  conforms,  so  far  as 
it  has  been  examined,  also  here  with  the 
germination  of  the  spore. 

In  Cephalozia  (Protocephalozia)  epheme- 
roides, found  by  Spruce  in  South  America,  the 
vegetative  body  is  constituted  by  the  pro-embryo 
which  consists  of  branched  threads  upon  which 
the  short  leafy  shoots  *  bearing  the  sexual  oi^[ans 
appear  as  appendages.  The  threads  of  the  pro-embryo  remind  one  much  of 
those  in  the  Musci  especially  in  this  that  they  consist  of  an  epigeous  part 
containing  chlorophyll  and  a  hypogeous  part  containing  no  chlorophyll. 

A  further  group  of  the  acrc^ynous  Hepaticae  is  that  in  which,  according 
to  the  external  conditions,  either  a  thread-like  pro-embryo  or  a  cell-mass 
arises  in  germination.  We  have  examples  in  Alioularia,  Triohooolea, 
Jungermannia  trichophylla  and  J.  hyalina,  Iiopidosia  reptans.  We  do 
not  know  what  are  the  external   conditions  which   determine  the   point 


Pig.  94.  Anthoceros.  Gennination. 
L  cell-man  produced  in  germination. 
il.  cell*filament  developing  from  the 
cell-maM.  ///,  farther  stage  of  a  cell- 
filament.    After  Leitgeb. 


^  Goebel,  Arcbegoniatenstadien  : 
The  literature  is  cited  here. 


III.  Rudimentare  LebenoMse,  in  Flora,  Ixxvii  (1893),  p.  83. 
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whether  a  thread-like  protonema  or  a  cell-mass  is  to  arise.  It  is  probable 
that  light  plays  a  chief  part,  and  that  in  feeble  light-intensity  the  fila- 
mentous protonema  is  formed,  whilst  in  stronger  light- intensity  we  have 
a  cell-mass.  Moisture  also  may  have  a  share.  It  has  been  already 
shown  ^  that  like  variation  occurs  also  in  Anthoceros  (Fig.  94)  whilst 
in  Dendroceros  a  cell-body  arises  at  once.  We  shall  find  that  the  same 
problem,  and  in  quite  the  same  form,  arises  for  consideration  in  the 
formation  of  the  prothalli  of  ferns. 

2.  MARCHANTIEAE  AND  RICCIEAE. 
Preiflsia.  We  may  refer  to  the  case  of  Preissia  commutata  (Fig.  95) 
which  has  been  already  mentioned*.  The  individual  differences  in  the 
germination  of  the  Marchantieae,  when  compared  with  the  other  thallose 
Hepaticae,  depend  upon  the  fact  that  the  young  plants  are  not  developed 
in  the  same  direction  as  is  their  pro-embryo.  The  pro-embryo  is  positively 
heliotropic.  It  forms  at 
its  end  a  flattened  cell-  4 

mass,  the  germ-disk^  at 
right  angles  to  the  direc- 
tion of  the  light-rays,  and 
out  of  one  quadrant  of 
this  the  new  plant  pro- 
ceeds. This  plant  makes 
with  the  germ-tube  pri- 
marily a  right  angle,  but 
the  sharpness  with  which 
this  is  marked  varies  in 
different  forms  *.  By  the 
withering  of  the  germ- 
tube  the  plant  reaches 
the  soil  and  the  whole 
arrangement  is  directed  to  bringing  the  plant  into  the  light  should  the  spores 
germinate  lying  between  stones  and  in  like  stations;  as  the  germ-tube 
is  longer,  within  of  course  the  limits  imposed  by  conditions  of  nutrition, 
the  more  feeble  the  light-intensity,  the  attaining  to  the  most  fevourable 
light-intensity  is  the  more  probable.  In  the  Riccieae  we  observe  similar 
germination  *.     The  spores  of  Fegatella  sometimes  germinate  within  the 


Pig.  05.  Preissia  commatata.  Half-dia^ammatic  representation  of 
the  termination  of  spores.  In  fignrea  1  and  5  the  spore  is  shown  below. 
1 ,  the  ecrm-tabe  is  very  short  aiid  bears  at  its  end  a  cell-mass,  the  germ- 
disk,  the  end-cell  of  which  is  divided  by  quadrant- walls.  2,  in  one  quadrant 
of  the  g^erm-disk  seen  from  above  the  apical  cell,  j,  of  the  youn|^  plant  has 
been  formed,  1,  i  the  first  seeroent-wall ;  2,  2  the  second  segment-walL  S. 
disk  seen  from  above  snowing  apical  cell,  f,  of  the  germ-plant  formea 


cell  of  the  young  pUmt  has  grown  out  into  a  germ.tnbe.    See  also  Part 
Fig.  118. 


*  See  Part  I.  p.  240.  ■  See  Part  I,  p.  239. 
'  For  that  of  Marchantia,  see  p.  86,  Fig.  75,  H, 

*  AocoidiDg  to  Douglas  Campbell  (The  Stnictiire  and  Development  of  the  Mosses  and  Ferns, 
Loadon,  1895,  p.  38)  the  axis  of  growth  in  the  young  plant  of  Riccia  hirta  is  continnoos  with  that 
of  the  germ-tube ;  but  this  is  not  borne  out  by  his  Fig.  9.  The  dorsal  side  of  the  thallus  does  not 
coincide  with  the  long  axis  of  the  pro-embryo.  In  this  method  of  germination  as  compared  with 
that  of  other  Hepaticae,  we  have  primarily  a  more  or  less  sharp  adaptation ;  the  original  behaviour 
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sporogonium  and  form  a  cell-mass  \  as  do  those  of  Pellia.  In  other  Mar- 
chantieae  also  the  formation  of  the  germ-tube  may  be  occasionally  sup- 
pressed, as  it  is  in  Anthoceros  laevis,  and  this  is  the  case  in  Targionia  ^ 

Let  us  now  compare  the  behaviour  of  the  gemmae  of  Marohantia 
and  Ifuntilaria  with  the  germination  of  their  spores.  There  are  marked 
differences.  The  gemmae  (Fig.  96)  are  lenticular  cell-masses  with  an 
indentation  on  two  opposite  margins,  and  in  these  indentations  lie  the 
vegetative  points  out  of  which  the  new  thallus  develops.  I  regard  the 
whole  gemma  as  a  vertical  germ-disk  developing  without  a  germ-tube  ^,  and 
it  is  not  dorsiventral  because  it  has  a  profile  position ;  dorsiventrality  is 
only  '  induced '  in  the  germ-disk  by  light  *.  From  the  ordinary  germ-disk 
the  gemma   is   distinguished   by   its  size  and,  apart   from  the  structural 

peculiarities  which  are  concurrent  with  this, 
by  the  possession  of  two  vegetative  points. 
We  have  this  also  in  Lejeunia. 

We  therefore  arrive  at  the  result,  that 
in  all  Hepaticae  the  method  of  germination 
of  the  spore  conforms  essentially  with  that 
of  the  development  of  the  gemmae. 

Is  there  then  in  the  germination  of  the 
spores  a  common  type?  I  have  hitherto 
endeavoured  to  answer  this  question  by 
assuming  that  the  formation  of  a  germ-tube 
and  its  further  development  to  a  filiform 
branched  protonema  must  be  considered  the 
original  character.  In  support  of  this  we  find 
that  in  a  number  of  forms  the  formation  of 
germ-tubes  regfularly  appears;  in  other  forms 
it  appears,  at  least  under  definite  external 
conditions,  and  we  can  follow  the  filiform 
stage  becoming  gradually  more  limited  in  duration  or  we  note  the  formation 
of  a  germ-tube  being  replaced  by  that  of  a  cell-surface  or  a  cell-mass. 
Further,  this  assumption,  which  is  entirely  a  hypothesis,  brings  into  con- 
formity the  formation  of  the  pro-embryo  of  Hepaticae  with  that  of  Musci, 
and  also,  as  we  shall  see,  with  that  of  the  leptosporangiate  ferns.  The  most 
primitive  member  of  the  Hepaticae  appears  to  be  one  which  develops  a  cell- 


FiG.  96.  Marchantia  polymorpba.  A-C^ 
gemmae  in  different  stages  of  derelopment ; 
J/,  stalk-cell.  A  mature  gemma  in  surface 
view,  on  each  side  is  seen  a  vegetative  point 
which  can  grow  out  into  a  new  thallus ;  at, 
point  at  which  stalk  was  attached;  «,  oil- 
cells  ;  r,  cells  distinguished  by  their  site  and 
contents  out  of  whicn  the  hair-roots  develop. 
E^  transverse  section  of  Z?  through  the  lateral 
vegetative  points;  r,  as  in  D.  After  Knv. 
A-C^  magnified  275;  D-E^  magnified  65. 
Lehrb. 


is  doubtless  that  which  has  been  already  described  in  Metzgeria.  In  Marchantia  polymorpha  the 
germ-disk  is  scarcely  developed,  but  the  difference  in  the  direction  of  germ-tube  and  thallus  is  quite 
evident.  If  the  germ-tube  be  laid  upon  the  soil  at  an  early  period  this  difference  in  direction  scarcely 
appears.    See  Kny,  Hotanische  Wandtafeln,  Abteilung  viii,  p.  338.  '  See  p.  108. 

'  According  to  Douglas  Campbell,  The  Structure  and  Development  of  the  Mosses  and  Ferns, 
London,  1895,  p.  67. 

'  The  germ-disk  is  also  vertical  in  Riella  ;  see  Goebel,  Archegoniatenstudien :  IV.  Zur  Kenntniss 
der  Entwicklung  von  Riella,  in  Flora,  Ixxvii  (1893),  p.  104.  *  See  Part  I,  p.  227. 
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mass  on  a  simple  or  branched  germ-tube,  and  this  cell-mass  bears  the 
sexual  organs.  Sphaerocarpus  approaches  this  inasmuch  as  the  very  young 
plant  bears  sexual  organs,  and  the  thallus  is  only  a  structure  bearing 
these  as  do  the  leafy  shoots  in  Lejeunia  Metzgeriopsis  and  in  Protoce- 
phalozia  ephemeroides. 

It  has  been  already  shown  by  an  example  drawn  from  the  Myxo- 
mycetes*  that  a  higher  construction  of  the  vegetative  body  ensues  by 
the  postponement  of  the  formation  of  spores.  If  we  apply  this  considera- 
tion to  the  development  of  the  Hepaticae,  their  vegetative  body  has 
reached  a  stage  in  forms  like  those  mentioned  above  in  which  it  is  able 
only  gradually  and  after  a  long  process  of  development  to  reach  the 
construction  which  is  competent  to  bring  forth  sexual  organs.  In  the 
thallose  Jungermanniaceae  the  changes  which  the  germ-plant  experiences 
are  simple  in  correspondence  with  the  simplicity  of  the  structure  of  the 
mature  plant  \  whilst  in  the  Marchantiaceae  the  number  of  the  develop- 
mental stages  through  which  it  passes  is  greater  in  correspondence  with 
the  higher  differentiation  at  maturity.  The  young  plants  have  at  first 
a  different  construction  of  the  v^etative  point  (as  Fig.  95  shows),  especi- 
ally a  wedge-shaped  two-sided  apical  cell  which  later  passes  over  into 
a  prismatic  four-sided  one.  The  thallus  is  at  first  one-layered,  and  if 
it  becomes  many-layered  it  has  at  first  no  scales  upon  the  under  side 
and  no  air-chambers  upon  the  upper  side.  Instead  of  the  scales  we  find 
unicellular  or  pluricellular  club-like  papillae,  at  first  like  those  of  Metz- 
geria,  and  later  like  those  of  Morkia  or  Cyathodium.  With  the  germ- 
plants  of  the  latter  genera  those  of  Preissia,  Marchantia,  and  others  also 
conform,  in  that  their  first  air-chambers  have  not  the  characteristic  assimila- 
tion-tissue spreading  from  their  base.  In  other  words,  we  see  in  the  rela- 
tively highly  differentiated  Marchantiaceae  the  embryo-plant  pass  through 
developmental  stages  which  in  the  other  Hepaticae  are  present  in  a  perma- 
nent condition,  and  this  is  a  fact  of  extreme  interest.  Moreover  in  Mar- 
chantia the  air-chambers  appear  relatively  late,  and  it  is  also  characteristic 
of  the  genus  that  the  young  plants  at  first  have  only  the  *  median  scales,* 
and  in  this  show  a  construction  which  in  other  Hepaticae  is  the  permanent 
one,  whilst  in  Marchantia  itself  the  further  copious  development  of  the 
scales,  which  has  been  already  described,  subsequently  takes  place  ^.  If 
we  can  imagine  a  germ-plant  of  Preissia  or  of  Marchantia  bringing  forth 
sexual  organs  before  the  appearance  of  the  air-chambers,  then  we  should 
have  a  condition  like  that  in  Sphaerocarpus. 

The  thallus  of  Plagioohasma  Aitonia  *  shows  at  first  upon  its  upper 


*  See  Part  I,  p.  25.  ^  See  what  is  said  about  Metzgeria  on  p.  107. 

•  Sec  p.  3a. 

^  Schostakowttsch,  Uber   Reprodnktion    nnd    Regenerationserscheinungen   der  Lebermoose,  in 
Flora,  ixxix  (Erganznngsband  znm  Jahrgang  1894),  p.  360. 
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side  pits  with  broad  mouths,  and  only  subsequently  do  the  air-chambers 
appear  which  have  only  a  narrow  breathing  aperture  towards  the  outside. 
The  first  construction  is,  like  other  peculiarities  of  the  germ-plant,  only 
possible  in  a  small  plant  growing  in  shaded  and  moist  places. 

In  the  anacrogynous  foHose  forms  the  germ-plant  is  remarkable  for 
two  things  ;  first  of  all,  the  configuration  of  the  primary  leaves,  and  secondly, 
the  appearance  of  the  amphigastria.  The  lateral  leaves  appear  first  and  as 
short  cell-rows.  One  may  cause,  as  I  have  shown  in  Jungermannia  bicus- 
pidata,  the  shoots  again  to  form  primary  leaves  if  the  conditions  are  unfa- 
vourable ;  these  primary  leaves  are  purely  arrested  formations.  Whilst 
now  most  forms  produce  completely  developed  leaves  more  or  less  quickly, 


Pig.  ^.  Zoopsia  argentea.  i,  yoong^  plant  with  stem  composed  of  bat  three  cell-rows.  The-  *  leaves*  are  cell- 
rows  which  serve  oolv  for  the  protection  of  the  vegetative  pomt.  a,  portion  of  an  older  plant.  A  ventral  lateral 
shoot  with  well-developed  leaves  bears  the  archegonia.    Highly  magnified. 

and  always  long  before  the  appearance  of  the  sexual  organs,  this  is  not  the 
case  in  those  which  I  have  termed  *  rudimentary  ^.'  In  them  the  formation 
of  leaf  upon  the  vegetative  shoot  usually  remains  stationary  at  a  stage  which 
in  other  plants  is  only  found  in  the  germ-plant,  and  only  upon  the  sexual 
shoots  are  further  developed  leaves  found.  This  procedure  recalls  in  a 
certain  measure  the  fact  that  the  formation  of  the  pro-embryo  is  prolonged, 
only  this  temporary  prolongation  reaches  here  to  the  stage  following  the 
formation  of  the  pro-embryo. 

The  Hepaticae  which  come  into  consideration  here  are  distinguished, 
like  Lejeunia  Metzgeriopsis  and  Protocephalozia  ephemeroides,  from  the 
great  majority  of  the  others  in  that  they  are  very  small.  They  have  thin 
stems  which  give  them,  living  as  they  do  in  shaded  and  moist  localities,  the 


*  See  page  77. 
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appearance  of  an  Alga^.  Amongst  them  are  the  descendants  in  the  most 
different  cycles  of  affinity  of  the  foliose  Hepaticae.  Some  examples  may 
be  given.  The  genus  Zoopsis,  a  sub-genus  of  Cephalozia,  is  widely  dis- 
tributed, and  its  lateral  leaves  are  unequally  developed  in  the  several 
species  upon  the  sterile  shoots.  In  Zoopsis  argentea  (Fig.  97)  and  Z.  setu- 
losa  they  consist  of  only  two  cells,  each  with  an  appendage,  and  they 
are  laid  down  as  in  all  other  Hepaticae,  but  are  displaced  completely 
into  the  horizontal  position.  The  amphigastria  do  not  reach  beyond  the 
condition  of  primordial  papillae,  two  club-like  papillae  standing  near  one 
another.  The  sexual  shoots  are  quite  different.  They  have  well-developed 
leaves  formed  as  cell-surfaces.  The  leaves  are  more  developed  in  Lepidozia 
bicruris  and  Arachniopsis.  Here  they  are  composed  of  two  cell-rows,  and 
on  the  fertile  shoots  they  form  cell-surfaces.  The  same  is  the  case  in  Lepi- 
dozia goniotricha  and  some  others.  Of  the  relationship  of  the  formation 
of  organs  of  these  Hepaticae  to  their  habitats  mention  has  already  been 
made  *. 


^  One  form  hns  indeed  been  described  as  an  Alga  tinder  the  name  Korzia  crenacanthoidea ;  see 
Goebel,  Morphologische  raid  biologische  Stndien :  IV.  Ober  Javanische  Lebermoose ;  5,  *  Kurzia 
crenacanthoidea,'  in  Annales  dn  Jardin  botaniqne  de  Buitenzorg,  Ix  (T897),  p.  37. 

•Seep.  77. 
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GERMINATION  OF  THE   SPORE   IN   MUSCI 

In  dealing  with  the  Musci  I  shall,  for  reasons  which  will  appear 
presently,  start  from  the  germination  of  the  spore. 

From  the  time  when  Hedwig  first  of  all  described  the  germination  of 
the  spores  of  the  Musci  the  subject  has  evoked  many  investigations  and 
many  interpretations,  notwithstanding  which  our  knowledge  is  not  yet 
without  gaps.  It  is  true  that  we  no  longer  regard  the  pro-embryo  as  an 
Alga,  nor  do  we  consider  it  with  Hedwig  as  a  cotyledon,  nor  suppose  like 
Nees  von  Esenbeck  that  the  buds  are  formed  by  the  weaving  together  of 
protonema-threads ;  nevertheless  there  is  much  that  is  still  controversial 
and  obscure.  When  we  use  the  word  *  pro-embryo '  we  naturally  do  not 
say  anything  about  the  morphological  or  biological  significance  of  this 
structure  which  precedes  the  leafy  shoots. 

1.     THE  CONFIGURATION  OF  THE  FRO-EMBRYO. 

The  pro-embryo  in  most  cases  consists  of  branched  cell-threads,  and 
is  distinguished  from  the  filiform  pro-embryo  of  the  Hepaticae  by  the 
absence  of  unicellular  rhizoids ;  but  it  produces  segmented  cell- threads  ^ 
designated  also  rhizoids,  which  are  not  the  morphological  equivalents  of 
the  rhizoids  in  the  Hepaticae.  They  are  subterranean  axes  of  the  pro- 
embryo,  not  appendages  of  the  pro-embryo.  The  degree  of  development 
reached  by  the  pro-embryo  differs  in  different  forms,  as  is  also  the  case 
in  the  Hepaticae. 

Physcomitrium  pyriforme*  furnishes  a  very  simple  case.  The  ger- 
minating spore  grows  out  into  a  cell-thread  segmented  by  cross-walls  and 
containing  chlorophyll,  and  this  thread  branches.  Rhizoids  also  arise  which 
are  thinner  than  are  the  protonema-threads  exposed  to  the  light,  and  like 
these  they  are  provided  with  cross-walls  which  are  quite  transverse.  Cell- 
division  takes  place  as  a  rule  only  in  the  end-cells  not  in  the  segment-cells 
in  all  the  axes  of  the  pro-embryo.     The  different  construction  of  these  axes 


^  Protocephalozia  ephemeroides  alone  amongst  the  Hepaticae  approaches  the  Mosci  in  this 
featare;  see  p.  no. 
•  See  Goebel.  Cber  die  Jngendzustande  der  Pflanzen,  in  Flora,  Ixxii  (1889),  p.  1. 
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of  the  pro-embryo  is  evidently  conditioned  by  their  different  physiological 
work. 

In  pro-embryos  of  greater  bulk  we  find  also  at  first  a  similar  slightly 
marked  difference  between  hypc^eous  and  epigeous  axes.  The  hypogeous 
axes,  at  least  the  stronger  ones,  are  provided  in  such  cases  mostly  with 
brown  outer  walls  and  cross-walls  oblique  to  the  long  axis.  Such  rhizoids 
are  also  found  upon  the  leafy  moss-plants,  but  there  they  are  more  richly 
branched  and  the  several  branches  exhibit  a  division  of  labour: — the 
last  thin  branchings  may  be  compared  in  their  function  with  the  root- 
hairs  of  the  higher  plants,  and  they  grow  round  the  particles  of  soil ;  the 
thicker  branches  become  anchoring-organs,  and  they  may  also  serve  for 
the  conduction  of  food- 
material  (Fig.  98). 

Oblique  walls  in 
rhiioids.  The  oblique 
direction  of  the  walls 
in  the  rhizoids  is  a  re- 
markable fact  which 
invites  an  explanation 
both  from  the  biological 
and  fi'om  the  morpho- 
logical  side. 

First  of  all  it  may 
be  noted  that  we  have 
illustrations  of  a  like 
feature  in  plants  out- 
side the  group  of  Musci. 
In  the  rhizoids  of  Chara 
the  walls  are  not  simple 

transverse  walls  but  are  somewhat  oblique,  yet  they  always  join  on 
to  the  walls  they  intersect  at  a  right  angle.  This,  as  Errera^  was  the 
first  to  point  out,  and  as  de  Wildeman  ^  has  also  shown,  is  also  the  case 
in  Musci.  The  walls  originally  are  set  on  to  the  outer  wall  of  the  thread  at 
a  right  angle,  but  they  have  a  double  ciu-vature ;  they  are  not  laid  down 
as  flat  plates  and  then  displaced,  but  from  the  beginning  have  this  double 
curvature.  When  they,  at  a  later  period,  appear  as  placed  in  an  oblique 
position,  that  is  due  to  subsequent  growth  ^.     It  is  in  this  way,  as  various 


proUmema ;  kn^  bads ;  r,  rhiioids;  x,  spore. 


g^enninating:  spore ;  ««■,  < 
Kc    Ma^ifieo.    Ldirb. 


By 


*  Erreray  Uber  Zellenformen  and  Seifenblasen,  in  Biologisches  Centralblatt,  vii  (1888),  p.  729. 

'  De  Wildeman,  £tiides  snr  I'attache  des  cloisons  cellulaires,  in  M^moires  cooronn^,  public  par 
TAcadteie  Rojale  des  Sciences  de  Belgiqne,  1893. 

'  I  haye  not  been  able  to  convince  myself  in  my  study  of  the  process  of  division  that  the  walls  are 
always  set  on  at  right  angles  to  the  outer  waU.  Certain  is  it  that  the  wall  b  from  the  beginning 
obBqne  to  the  Icmg  axis,  and  on  one  side  I  often  saw  plainly  that  it  was  set  on  at  a  right  angle,  bat, 
that  the  walls  are  set  on  throoghoat  at  right  angles,  I  am  not  satisfied.    Moreover,  as  the  example 
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authors  have  shown  ^  that  the  surface  by  which  two  superposed  cells  touch 
is  increased,  and  that  a  more  rapid  interchange  of  material  between  them  is 
provided  for.  The  thin  lateral  branches  of  the  last  order  of  the  rhizoids  are 
abundantly  provided  with  straight  cross-walls  which,  however,  may  also 
occur  in  the  chief  axes,  especially  when  intercalary  division  takes  place. 
In  the  epigeous  parts  oblique  walls  occasionally  occur,  but  the  most  of  the 
walls  are  transverse. 

The  teleological  *  explanation '  of  the  oblique  position  gives  no  clue  as 
to  the  conditions  under  which  it  arises.  One  may  cause  hypogeous  rhizoids 
to  pass  over  into  protonema-threads  provided  with  chlorophyll  and  having 
straight  walls ;  but  this  is  not  a  simple  effect  of  light,  as  might  at  first  be 
supposed.  My  researches  with  Funaria  furnished  the  proof  of  this.  This 
plant,  cultivated  in  the  dark  upon  a  sugar-solution,  grew  out  to  a  relatively 
large  size ;  the  cross-walls  remained  transverse  and  were  not  oblique  ^  and 
the  rhizoids  which  developed  in  the  light  upon  the  moss-plants  possessed 
oblique  walls,  although  green  threads  with  straight  walls  might  arise  upon 
them.  It  is  in  the  highest  degree  probable  that  light  is  a  condition  for  the 
development  of  a  rhizoid  into  a  green  protonema-filament,  but  in  addition 
other  factors  are  operative,  and  especially  the  relationships  of  correlation. 

The  oblique  position  of  the  wall  in  the  rhizoid  has  also  received  a  mor- 
phological explanation.  Sachs'  first  of  all  expressed  the  view  that  the 
protonema  and  its  equivalent  rhizoids  in  the  Bryineae  are  only  a  very 
feeble  form  of  the  moss-stem.  Miiller-Thurgau  *  has  endeavoured  to  sup- 
port this  view  by  showing  that  the  segmentation  in  the  apical  cell  of 
a  rhizoid  is  the  same  as  in  that  of  the  stem  of  a  moss,  only  that  the  chief 
walls  of  the  segments  which  follow  one  another  are  so  far  apart  that  they 
no  longer  intersect.  This  view  is  altogether  untenable,  as  I  showed  some 
years  ago  *,  and  have  subsequently  again  proved.  As,  however,  in  a  recent 
compilation  *,  showing  altogether  a  want  of  knowledge  both  of  facts  and  of 
literature  the  Sachs-MuUer  idea  has  again  been  brought  forward,  it  is  neces- 
sary once  more  to  state  the  grounds  which  show  its  futility : — 

I.  The  regularity  in  the  orientation  of  the  oblique  walls  which  Miiller-Thurgau 
assumed  does  not  always  exist.     The  walls  are  not  always  inclined  successively 


of  Ephemeropsis  shows  (Fig.  99, 6,  where  the  segment-walls  show  a  double  curvature  whilst  retaining 
their  attachment  at  a  right  angle),  the  surface-development  of  the  wall  is  more  important  for  the 
plant  than  to  have  it  in  any  definite  position.  That  its  position  is  mostly  oblique  is  only  of  secondary 
importance. 

^  Haberlandt,  Physiologische  Pflanzenanatomie,  Ed.  a,  Leipzig,  1896,  p.  196. 

«  See  Part  I,  p.  333,  Fig.  114. 

'  See  Sachs,  Textbook  of  Botany,  and  English  edition,  Oxford,  1883,  p.  363. 

*  H.  Miiller-Thurgau,  Die  Sporenvorkeime  und  Zweigvorkeime  der  Laubmoose,  in  Arbeiten  aus 
dem  Botanischen  Institnt  in  Wiirzburg,  i  (1874),  p.  475. 

*  Goebel,  Die  Musdneen,  in  Schenk's  Handbuch  der  Botanik,  ii  (i88a),  p.  385. 

*  Carl  MuUer,  Musci,  in  Engler  und  Prantl,  Die  natiirlichen  Pflanzenfamilien,  1898. 
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in  three  directions  in  space  as  are  those  of  the  apical  cell  of  the  stem.  Thus  in 
Fig.  99  the  third  wall  is  parallel  with  the  first,  the  fifth  with  the  fourth.  In  the 
absence  of  a  regular  arrangement  of  the  walls  in  three  directions  in  space  the  whole 
analogy  with  the  apical  cell  fails. 

2.  Even  if  the  regularity  claimed  by  Miiller-Thurgau  existed,  the  walls,  which 
are  curved,  have  quite  another  character  from  those  of  the  apical  cell  of  the  stem. 

3.  The  oblique  position  is  found  only  in  the  rhizoids,  but  not  everywhere.  But 
the  rhizoids  are  only  2^  part  of  the  protonema,  and  with  that  portion  of  it  which  has 
straight  walls  the  hypothesis  does  not  fit.    In  Sphagnum  its  impossibility  is  quite  clear. 

4.  The  hypothesis  does  not  fit  the  pro-embryo  of  the  Hepaticae.    The  protonema 
is  certainly  a  simpler  form  of  the  vegetative  body,  but  the  simplification  expresses 
itself  in  this,  that  the  cell-divisions  proceed  in  it  otherwise  than  they  do  later.     The 
oblique  position  of  the  wall  in  the  hypogeous 
protonema  is  simply  a  modification  of  the 
transverse  position,   is  called   forth  by  the 
change  in   the  requirements  in  relation  to 
environment,  and  has  no  more  morphological 
significance  than  it  has  in  Chara. 

Short  shoots  and  long  shoots  of  iiro- 
tonema.  The  epigeous  parts  of  the  pro- 
tonema frequently  exhibit  a  differentia- 
tion into  short  shoots  and  long  shoots. 
This  may  be  illustrated  by  a  moss  which 
I  foimd  in  Java  and  have  named  Ephe- 
meropsis  tjibodensis,  a  very  instructive 
form  which  is  epiphyllous,  especially  upon 
Monocotyledones  ^.  It  shows  clearly  how 
the  protonema  is  adapted  to  external  con- 
ditions, and  particularly  in  its  relationships 
of  symmetry  (Fig.  100).  The  protonema  is  strongly  dorsiventral.  Its  chief 
axis  creeps  upon  the  leaf-surface.  Distichously-branched  branches  of  limited 
growth  arise  upon  the  dorsal  side  and  end  in  long  bristles.  Upon  the  flanks 
are  formed  branched  anchoring-organs  (Fig.  100,  //),  which  glue  themselves 
closely  to  the  surface  of  the  leaf  and  occasionally  grow  out  into  lateral 
twigs.  There  is  no  richly  developed  system  of  rhizoids;  their  place  is 
taken  by  the  short  anchoring-organs,  and  the  dorsal  assimilating  shoots  are 
specially  fitted  by  their  length  and  stiffness  to  retain  water-drops,  and  thus 
to  make  possible  the  nourishment  of  this  peculiar  protonema.  The  gemmae 
also,  which  appear  upon  the  protonema,  are,  as  will  be  pointed  out  below  ^ 
adapted  in  a  special  manner  to  the  epiphyllous  life. 


CKJ 


Fig.  99.  Arrangement  of  the  seginent-walls  in 
protonema-th  reads,  i  to  5,  serially  saccestive 
segment-walls  in  the  rhisoid  of  an  undetermined 
species  of  moss.  6,  segment-walls  in  a  protonema- 
thread  of  Ephemeropsia  tjibodensis;  the  walls 
show  a  doable  carvatare  whilst  retaining  their 
insertion  at  a  right  angle.    Highly  magnifi^ 


*  The  plant  is  unfortunately  only  imperfectly  known,  and  its  systematic  position  can  only  be 
decided  whra  female  specimens  bearing  sporogonia  are  discovered.  They  have  been  found  lately, 
since  the  above  was  written,  by  M.  Fleischer,  Diagnose  von  Ephemeropsis  tjibodensis,  in  Annales  du 
Jaidin  botanique  de  Buitenzorg,  s^r.  2,  II  (1901).  *  See  p.  ia6. 
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Bhizoid-strands.  Other  adaptations  are  observed  in  some  geophilous 
species,  for  example  amongst  the  Polytrichaceae,  where,  especially  upon  the 
plant  Itself,  rhizoid-strands  are  found,  which  Koch^  compared  with  a  badly 
tw  isted  string.  The  lateral  branches  of  the  rhizoids  lay  themselves  along 
the  chief  axis  and  partially  invest  it ;  they  are  not  coloured  brown.  There 
can  be  little  doubt  that  we  have  here  structures  analogous  with  the  rhizoid- 
strands  of  the  Marchantieae,  and  that  here  also  a  *  wick-mechanism  '  comes 


Pig.  lOO.  Bpheroeropsis  tjibodensis.  Goebel,  from  Java.  /,  habit  of  the  protonema,  seen  from  above.  Anchor- 
ing-organs,  H,  shootout  from  the  flanks  of  the  chief  axis.  Assimilating  distichously-branched  short  shoots  arise 
from  Its  dorsal  surface.    //,  male  plant  which  shows  an  abnormal  arrest  of  the  leaves. 

into  play,  and  thus  the  most  of  the  Polytrichaceae,  amongst  which  Atrichum, 
however,  is  an  exception,  are  able  to  live  in  relatively  dry  stations.  To  many 
of  the  Polytrichaceae  which  reach  a  considerable  size  the  rhizoids  are  also  of 
mechanical  benefit,  but  this  is  only  a  secondary  service. 

Ifuminous  protonema  of  Schistostega.     Schistostega  osmundacea  ^  has 


*  H.  Koch,  Bryolo^sche  Beitrage,  in  Linnaea,  xvi,  i  (184a),  p.  69. 

'  See  particularly  Noll,  t)ber  das  Leuchten  von  Schistostega  osmundacea,  in  Arbeiten  aus  dem 
Botaniscben  Institul  in  Wiirzburg,  iii  (1887),  p.  477. 
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partly  ordinary  protonema-threads,  partly  branches  which  consist  of  strongly 
convex  lens-like  cells  instead  of  ordinary  cylindric  cells.  The  branches 
which  consist  of  these  lens-like  cells,  spread  out  in  one  plane  at  right  angles 
to  the  direction  of  the  light  (Fig.  loi).  The  peculiar  conformation  of  the 
celk  of  the  protonema  has  a  relation  to  the  habitat,  for  the  plant  grows 
usually  in  clefts  of  rocks,  which  are  illuminated  only  feebly  and  from  one 
side.  Owing  to  the  lens-form  of  the  cells  the  light-rays  falling  upon 
them  are  concentrated  upon  the  chloroplasts  which  lie  at  one  end  of 
the  cells,  and  these  are  consequently  subjected  to  a  greater  light- 
intensity.  A  portion  of  the  light-rays  are  reflected  after  they  have 
reached  the  chloroplasts,  and  thus  cause  the  *  luminous '  appearance  of  the 
protonema  of  Schistostega.  The  lens-like  cells  may  pass  over  into  ordinary 
cylindric  cells,  as  I  have  observed,  but  we  do  not  know  what  are  the 
external  conditions  which  bring  this  about. 

ConoreBoenoe  of  protonema-threads.  In  the  Buxbaumiaceae,  which 
includes  Diphyscium  and  Buxbaumia,  the  branches  of  the  protonema,  both 
those  containing  chlorophyll  and  those 
having  none,  become  concrescent  at  their 
points  of  contact.  The  possibility  there- 
fore is  created  of  a  copious  passage  of  food- 
materis^to  the  places  where  it  is  required, 
and  especially  to  the  points  of  origin  of  the 
moss-buds. 

Special  organs  of  assimilation  of  pro-       fig  ioi.  Sch»to«tega  osmundacea.  pjt). 

*^  ^  ^  tonema.    Magnified  9a    After  NolL    Lehrb. 

tonema.   Diphyscium  ^  has  a  peculiar  organ 

of  assimilation  on  its  protonema,  usually  in  the  form  of  an  upwardly 
concave  plate,  which  sits  upon  a  stalk  composed  of  a  cell-mass  ;  even  the  end 
of  the  germ-thread  itself  is  commonly  constructed  in  the  form  of  such  an 
organ  of  assimilation.  From  the  base  of  this  organ  of  assimilation  rhizoids 
proceed.  I  have  usually  found  the  primordia  of  the  moss-buds  springing 
from  the  protonema-thread,  and  not,  as  one  would  expect,  from  the  base  of 
the  organ  of  assimilation,  a  phenomenon  which  is  less  striking  in  view  of  the 
concrescence  of  the  threads.  In  Diphyscium  the  surface  of  the  organ  of 
assimilation  is  occasionally  not  at  right  angles  to  the  stalk  but  it  passes  directly 
into  this.  Such  flat  leaf-like  organs  of  assimilation  are  also  found  in  Tetra- 
phis*,  Oedipodium,  and  Tetrodontium.  All  these  genera  grow  in  relatively 
very  shady  places,  and  the  organs  of  assimilation  are  therefore  well  developed 
in  them.  They  have  been  described  so  frequently  in  recent  years  that  it  is 
unnecessary  for  me  to  say  more  about  them. 


'  See  Bcrggrcn.  Proembryot  hos  Diphyscium  och  Oedipodium,  in  Botaniska  Notiser,  1873,  p.  109 ; 
Goebel,  Ober  die  Jugendznstande  der  Pflanzen,  in  Flora,  Ixxii  (1889),  p.  9. 

*  Sec  Part  I,  p.  249,  where  is  quoted  the  observation  of  Correns  regarding  the  development  of 
protonema-tnfts  tmder  feeble  illumination. 
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The  ppo-embryo  in  Andreaea.  The  remarkable  behaviour  of  Andreaea^ 
stands  in  intimate  relationship  to  its  locality,  as  I  have  before  now  pointed 
out.  In  the  germination  of  this  plant  a  cell-thread  does  not  arise,  but  a  cell- 
body  like  that  of  many  Hepaticae,  and  this  is  probably  a  protection  against 
drought.  One  to  three  peripherally-placed  cells  of  this  cell-mass  grow  out 
into  threads  in  which  both  transverse  and  oblique  walls  appear,  and  also 
longitudinal  walls.  Where  the  protonema  lies  upon  a  stone  it  broadens  out 
into  a  much  lobed  and  branched  plate  of  tissue,  which  evidently  forms  a  very 
satisfactory  anchoring-organ  for  this  exclusively  lithophilous  moss.  Another 
form  which  is  met  with  in  the  pro-embryo  of  Andreaea  is  that  of  the  tree- 
pro-embryo.  It  is  a  roundish,  radially  branched,  orthotropous  structure 
which  grows  isolated  occasionally,  but  mostly  associated  with  others.     Its 

outer  surface  is  covered  with 
a  thick  cuticle,  evidently  a 
protection  against  drought  in 
its  station*  Leaf-like  struc- 
tures, like  the  organs  of  as- 
similation of  the  pro-embryo 
of  Tetraphis,  are  found  also  in 
Andreaea,  which  belongs  to 
the  most  highly  developed  of 
the  Musci.  The  dependence 
of  its  configuration  upon  ex- 
ternal factors  requires  inves- 
tigation. 

The  pro  -  embryo  in 
Sphagnum.  The  formation 
of  the  pro-embryo  in  Sphag- 
num is  well  known,  but  was 
commonly  described  incorrectly  until  recent  times.  Hofmeister  ^  was  the 
first  who  found  that  there  is  developed  here  a  frilled  surface  some- 
what like  that  found  in  Anthoceros  instead  of  a  branched  filamentous 
pro-embryo.  Schimper  ^  believed  that  he  had  found  that  when  the  spores 
germinated  in  water  the  pro-embryo  was  thread-like.  In  i88a  I  threw 
out  the  suggestion,  and  in  1889  I  proved*,  although  later  authors  have 
entirely  overlooked  this,  that  Schimper's  statement  rested  upon  an  error. 


Fig.  103. 
old ;  Rh^  rhtzoid 
&x^  exosporium. 


A^  Sphaf  nam  acatifoliuin.     Protonema  five  weeks 
Spnaj^naro  ctupidatum.   Younger  protonema ; 


'  Berggren,  Studier  ofver  mossomas  byggnad :  L  Andreaeaceae,  Lund,  1868  ;  KUhn,  Studien  zar 
Entwicklnngsgeschichte  der  Andreaeaceen,  in  Schenk  und  Liirssen,  Mittheilungen  ans  dem  Gesammt- 
gebiete  der  Botanik,  i  (1874). 

'  Hofmeister,  Zar  Morphologic  der  Moose,  in  Berichte  der  sachsischen  Gesellschaft  der  Wissen- 
schaften,  August  1854. 

'  Schimper,  Histoire  naturelle  des  Sphaignes,  in  M^moires  pr^sent^  par  divere  savants  iL 
TAcad^mie  des  Sciences,  xv  (1858). 

*  Goebel,  t)ber  die  Jugendzustande  der  Pflanzen,  in  Flora,  Ixxii  (1889),  p.  1 1. 
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It  is  of  course  possible,  by  feeble  illumination  and  other  external  factors, 
to  hinder  the  formation  of  the  flat  surface,  but  in  the  normal  relation- 
ships this  arises  in  germination  in  water  just  as  it  does  upon  the  land.  It 
has  further  been  shown  that  the  flat  pro-embryo  is  nothing  but  the  broadened 
cell-thread  ;  in  germination  a  chief  axis  is  first  of  all  developed,  and  this 
soon  passes  over  into  a  cell-surface  in  which  the  arrangement  of  the  celb 
is  varied.  In  weak  pro-embryos  one  finds  not  infrequently  a  two-sided 
apical  cell ;  in  pro-embryos  which  are  more  strongly  nourished  most  of  the 
marginal  cells  show  differences  in  growth  which  here  are  evidently  quite 
subsidiary.  In  the  case  represented  in  Fig.  102,  A,  the  formation  of  the* 
surface  takes  place  in  the  second  cell,  in  Fig.  loa,  B^  it  appears  in  the  third 
cell  of  the  germ-thread  ;  rhizoids  in  the  form  of  filiform  branchings  segmented 
by  oblique  walls  arise  from  both  the  short  germ-thread  and  the  cell-surface. 
The  fact  that  the  flat  pro-embryo  is  derived  from  a  filiform  one  is  also 
shown  by  this,  that  the  rhizoids  are  able  to  pass  into  cell-surfaces  at 
their  end.  What  are  the  external  factors  which  cause  this  are  unknown. 
Light  is  probably  favourable  to  it,  as  perhaps  also  is  an  arrest  in  the  growth 
of  the  chief  cell-surface  ^.  It  must  suffice  for  us  that  these  facts  show  that 
the  pro-embryos  of  all  the  Musci  can  be  referred  back  to  the  filamentous 
form.  Sphagnum  has  this  further  interest,  that  occasionally  pro-embryos  are 
met  with  which  resemble  the  assimilation-organs  of  the  pro-embryo  of 
Diphyscium. 

I  have  observed  remarkable  relationships  in  Eucamptodon  Hampeanum 
and  Dicnemon  semicryptum  *,  two  allied  genera  of  which  the  development 
of  the  spores  differs  so  much  from  that  of  the  other  Musci  that  Montagne  ^ 
believed  that  there  were  no  spores  in  the  sporogonium  of  Eucamptodon  but 
only  gemmae  like  those  of  Marchantia. 

Buoamptodon  Hampeanum.  If  one  examines  an  as  yet  unopened 
sporogonium  of  Eucamptodon  one  finds  that  the  *  spores '  are  not  simple 
cells,  but  pluricellular  bodies  of  a  flat  form  and  somewhat  elongated 
irregular  outline.  A  better  idea  of  them  can  be  obtained  from  Fig.  103 
than  from  a  description.  Many  are  cell-surfaces,  in  others  divisions  have 
taken  place  parallel  with  or  obliquely  to  the  surface  ;  I  have  seldom  found 
more  than  two  cell-layers  in  any  one  body. 

Dionemon  semicryptum  has  much  larger  cell-masses  with  a  roundish 
outline  within  the  sporogonium.  The  'spores'  from  an  as  yet  unopened 
sporogonium  are  easily  visible  to  the  naked  eye,  and  therefore  are  giant  as 


^  I  cannot  here  discuss  the  phenomena  of  regeneration  in  the  pro-embryo  of  Sphagnum,  or  other 
subsidiary  points. 

'  I  have  to  thank  Dr.  Carl  Miiller-Halle  for  specimens  of  these  two  mosses. 

*  Montagne,  Plantes  ezotiques  nouvelles,  in  Annales  des  sciences  naturelles,  iv  (1845),  p.  lao. 
Montagne  examined  Eucamptodon  perichaetialis,  Montag.,  and  when  he  sa3rs  '  one  cannot  r^ard 
these  organs  as  true  spores'  he  refers  to  the  spores  which  germinated  in  the  sporogonium. 
Montagne's  species  grows  in  Chili,  probably  in  a  moist  climate. 
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compared  with  the  spores  of  other  Musci.  They  are  green  pluricellular 
bodies  flattened  upon  one  side  whilst  the  other  is  somewhat  flatly  trigo- 
nous (Fig.  103,  /).  Here  then,  as  in  Pellia  and  Fegatella  amongst  the 
Hepaticae,  the  germination  of  the  spore  has  taken  place  within  the  sporo- 
gonium,  but  the  pro-embryo  found  in  Dicnemon  semicryptum  is  composed 
of  many  more  cells  than  is  the  pro-embryo  in  the  Hepaticae  mentioned,  and 
has  not  the  entirely  flattened  form  it  possesses  in  them.  The  small  brown 
spheres  which  are  visible  at  different  positions  of  the  cell-mass,  are  probably 
the  remains  of  the  strongly  stretched  exosporium  ;  they  can  also  be  seen  on 
the  outside  of  the  spores  of  Eucamptodon.    A  number  of  cell-walls,  which 


Fig.  10^.    Genniuated  spores  taken  from  sporogonia  which  had  not  opened.    /,  from  Dicnemon  semicryptom, 
Carl  Mailer-Halle.    //-  K,  from  Eucamptodon  Hampeanum.    Magnified. 

by  their  colouring  appear  specially  prominent,  are  the  first  to  arise.  How 
further  development  proceeds  I  do  not  know,  as  I  had  only  dead  material 
to  examine.  It  is  most  probable  that  out  of  the  germinated  spores  a  fila- 
mentous protonema  is  formed,  just  as  it  is  out  of  the  gemmae  of  Tetraphis. 
The  habitat  of  this  moss  on  the  south  side  of  the  South  Island  of  New 
Zealand  confirms  me  in  the  view  I  put  forward  long  ago,  that  its  peculiar 
vivipary  is  the  result  of  its  living  in  a  moist  locality.  The  appearance  of 
this  peculiar  method  of  germination  amongst  the  Musci,  whose  spores  other- 
wise only  form  a  filamentous  protonema,  speaks  again  strongly  in  favour  of 
the  view  that  other  variations  also  in  the  form  of  the  pro-embryo,  are  only 
later  changes  of  the  primitive  filamentous  protonema. 
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2.     GEMMAE  {BROOD-BUDS)   ON  THE  PRO-EMBRYO, 
The  pro-embryos  of  many  Musci  possess  propagative  organs  which  are 

known    as  gemmae  {brood-buds).      Here  we  can   only  show  some  of  the 

manifold  ways  in  which  these  may  arise. 

The  simplest  case  is  that  of  the  breaking  up  of  the  pro-embryo  into 

simple  cells  under  the  stress  of  unfavourable  conditions. 


FiG.  104.     Funana  hygrometrica.    A^  B^  C,  Z7,  protonema-threads  showingr  coloarless  separation-celk,  /,  be- 
tween gemmae  which  contain  chlorophyll,  and  which  subsequently  may  become  cell-masses.    Magnified. 

Funaria  hygrometrioa.  We  find  this  ^  in  Funaria  hygrometrica  (Fig. 
104)  and  in  Bryum  pseudo-triquetrum  (?).  Separation-cells  which  have 
colourless  contents  and  whose  walls  swell  up  are  formed  by  intercalary 
divisions.     The  remaining  portions  of  the  pro-embryo  which  contain  chloro- 


'  Goebely   tJber  die  Jngendformen  von  Pflanzen  und  deren  kiinstliche  Wiederhervormftuig,  in 
Sitzmigsberichte  der  bayerischen  Akademie,  1896, 
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phyll  may  then  grow  out  into  new  protonema.  This  division  of  the  proto- 
nema  into  single  cells,  or  it  may  be  into  cell-masses,  is  the  most  primitive 
method  of  the  formation  of  gemmae,  and  it  happens  especially  when  the 
external  conditions  for  vegetative  growth  are  unfavourable. 

Sohistoetega.  In  Schistostega  ^  the  end  of  the  filament,  composed  of 
a  row  of  cells,  separates  off  in  quite  the  same  way  by  a  separation-cell,  but 
there  is  evidently  here  a  little  more  specialization  of  the  gemma  as  such. 

Ephemeropsis.  The  formation  of  an  anchor  at  the  base  of  the  gemma 
of  Ephemeropsis  is  remarkable^;  the  gemma  after  its  separation  can  fix 


Pig.  IOC.  Bazbaamia  indosiata.  i.  protonema-thread  bearingr  a  male  plant ;  /T,  rhizoid.  a,  protonema- 
thread  witn  two  male  plants,  one  seen  from  in  front,  the  other  from  behind,  x,  yovLXXfr^  male  plant  on  a  proto- 
nema>thread.  4,  half-dia}|^rammatic  longitudinal  section  of  a  male  plant.  5,  o,  cell-gronpingr  in  youngs  leaves. 
I  and  3,  magnified  aoo.    3,  more  bi)(hly  maj^nified. 

itself  firmly,  by  means  of  the  projecting  arm  of  its  anchor,  to  the  surface  of 
the  leaf  if  this  should  offer  a  slightly  rough  surface. 

The  gemmae  of  the  protonema  of  many  other  Musci  are  cell-bodies 
which  are  adapted  to  a  period  of  rest  and  possess  thickened,  often  brown, 
outer  walls.  To  describe  these  structures  here  would  carry  me  too  far.  In 
many  cases,  although  not  in  all,  they  are  arrested  stages  of  buds  of  moss- 
plants.     Investigation  is  required  to  show  whether  they  do  not  play  fre- 


^  Noll,  Uber  das  Lenchten  der  Schizostega  osmundacea,  in  Arbeiten  aus  dem  botanischen  Instititt 
in  Wiirzburg,  iii  (1887),  p.  477. 

'  See  Goebel,  Morphologische  and  biologische  Studien :  I.  Uber  epiphytlsche  Fame  nnd  Moscineen, 
in  Annales  du  Jardin  botaniqne  de  Buitenzorg,  vii  (j888). 
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quently  the  part  of  reservoirs  of  reserve-food  for  the  protonema,  in  which 
case  all  these  gemmae  would  not  exhibit  further  development  ^. 

3.     SIGNIFICANCE   OF  THE  PROTONEMA. 

In  the  life  of  the  moss-plant  the  formation  of  the  protonema  has  a 
double  significance :  on  the  one  hand  it  secures  that  a  large  number  of  moss- 
plants  may  proceed  from  one  spore,  and  on  the  other  it  secures  a  vegetation 
under  conditions  which  would  not  allow  of  the  development  of  the  leafy 
moss-plant  *•  The  relationship  of  the  protonema  to  the  moss-plant  is,  as  in 
the  Hepaticae,  of  a  varying  character.  In  most  cases  it  is  a  juvenile  stage 
rapidly  passed  through,  whilst  in  others  it  is  the  special  vegetative  body,  and 
the  *  leafy  *  plant  is  nothing  more  than  the  bearer  of  sexual  organs. 

Buxbaumia.  Buxbaumia,  one  of  the  most  remarkable  of  the  Musci  in 
other  respects  ^  shows  an  extreme  in  this  direction.  The  male  plants  are 
extremely  simple,  about  the  simplest  moss-plants  we  know  (Fig.  105).  At 
the  end  of  a  branch  of  the  protonema  there  is  found  a  long-stalked  anthe- 
ridium,  which  is  surrounded  by  a  chlorophyllous  envelope  shaped  like  a 
mussel-shell.  This  envelope  is  the  only  '  leaf  of  the  plant.  These  extremely 
small  male  plants,  which  cannot  be  seen  by  the  naked  eye,  have  usually  no 
rhizoids,  although  these  may  appear  occasionally  upon  the  envelope 
(Fig.  105,  I,  H\  and  the  plants  obtain  their  food  therefore  from  the  green 
protonema.  There  is  no  formation  of  a  proper  stem  here,  that  is  replaced 
by  a  very  slightly  changed  branch  of  the  protonema.  The  female  plant  has 
a  slightly  higher  organization  than  the  male,  consisting  as  it  does  of  a  cell- 
body  which  forms  a  little  stem  at  the  apex  of  which  lies  an  archegonium. 
A  number  of  leaves,  which  contain  no  chlorophyll,  invest  the  archegonium  as 
an  envelope.  We  can  understand  that  the  female  plant  is  more  differentiated 
because  it  has  to  provide  for  the  sporogonium  which  appears  later,  and  like 
differences  between  the  supporters  of  the  male  and  the  female  sexual  organs 
will  be  noticed  afterwards  in  the  case  of  the  fem-prothalli  also.  The  question 
then  arises.  Is  this  simple  construction  of  the  plant  in  Buxbaumia  a  primitive 
one,  or  is  it  a  reduced  one  ?  In  considering  this  question  inquiry  must  first 
of  all  be  directed  to  the  point,  Are  there  yet  other  characters  in  Buxbaumia 
which  can  be  called  primitive  ?  There  are.  In  the  first  place,  the  leaves  of 
the  plants  of  Buxbaumia  have  a  different  arrangement  of  cells  from  that  of 
all  known  Musci,  with  the  exception  of  species  of  Andreaea.  The  leaves  of 
other  Musci  develop  by  means  of  a  two-sided  apical  cell  (Fig.  106),  whereas 
Buxbaumia  has  no  apical  cell  to  the  leaves  but  only  a  cell-grouping  more 
or  less  resembling  that  of  the  leaves  of  the  Hepaticae  (Fig.  105,  5,  6)*. 


^  See  what  is  said  on  p.  a  16  about  the  tubeis  in  the  Filidneae.  '  See  Part  I,  p.  207. 

'  Goebel,  Arch^oniatenstndien :  I.  Die  einfachste  Form  der  Moose,  in  Flora,  Ixxvi  (Erganznngs- 
band  znm  Jahrgang  1892),  p.  93. 
^  That  acute  obseiyer  Robert  Brown  so  long  ago  as  1819,  said :  *  I  have  lately  ascertained,  howerer, 
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Another  primitive  character  of  the  leaves  is  their  production  of  many 
rhizoids,  which  occurs  but  rarely  elsewhere  in  moss-leaves.  Further,  the  build 
of  the  sporogonium,  especially  the  device  for  the  throwing  off  of  the  lid, 
shows  a  primitive  structure.  In  support  of  the  view  that  we  have  in 
Buxbaumia  a  reduced  form  it  might  be  advanced  that  the  plant  is  a  sapro- 
phyte, and  in  saprophytes  and  parasites  elsewhere  reductions  commonly 
occur.  That  Buxbaumia  leads  a  saprophytic  life  is  concluded  from  the 
localities — rotting  wood,  soil  of  woods  rich  in  humus — in  which  it  occurs, 
as  well  as  from  the  absence  of  chlorophyll  in  its  leaves.  It  is  possible  that 
saprophytism  does  occur  here,  yet  in  other  Musci  which  live  on  the  dead 
bodies  of  animals,  their  saprophytism  has  not  brought  about  reduction.    But 


Pig.  106.    Fanaria  hy^ometrica.    Youn?  plant.    At  the  baae  of  the  shoot  protonema-threads  spread  oat.    The 
two-aided  apical  cell  is  visible  apon  each  of  Uie  upwardly-directed  leaves. 

saprophytic  life  has  not  been  proved  for  Buxbaumia,  and  its  protonema  in 
the  parts  exposed  to  light,  as  well  as  its  sporogonium,  contain  chlorophyll^ 
If  Buxbaumia  is  a  saprophyte  this  habit  would  account  at  any  rate  for  the 


that  Baxbaumia  aphylla  is  always  fninished  with  perfect  leaves,  which  more  nearly  resemble,  both  in 
texture  and  division,  those  of  a  Jungermannia  than  of  any  species  of  moss  properly  so-called  .  .  .  * ; 
see  Miscellaneous  Botanical  Works  of  Robert  Brown,  London,  1867,  II,  p.  351. 

*  This  extends  to  Splachnum  also.  I  sowed  spores  of  several  species  of  Splachnum  (S.  sphae- 
ricum,  S.  rubrum,  S.  lutenm)  upon  fresh  cow-dung  and  obtained  quite  normal  green  protonemata, 
upon  which  arose  subsequently  partially  formed  sporogonia.  That  the  species  of  Splachnum  which 
grow  upon  dung  take  organic  substances  from  their  substratum  is  probable,  as  it  is  in  the  case  of  the 
species  of  Tetraplodon. — T.  Wormskjoldi  upon  the  dead  bodies  of  lemmings,  see  Bryhn,  Beobachtungen 
iiber  das  Ausstreuen  der  Sporen  bei  den  Splachnaceen,  in  Biologisches  Centralblatt,  1897,  p.  48 ;  T. 
augustatus  up>on  dead  mice  and  excrement  Saprophytism  can  never  be  proved,  however,  on  purely 
morphological  grounds  (the  behaviour  of  the  rhizoids),  and  up  till  now  we  know  of  no  moss  (if  we 
except  Buxbaumia)  which  has  experienced  reduction  in  consequence  of  saprophytic  life-relationships. 
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absence  of  chlorophyll  from  the  leaves  and  their  small  number,  but  would  not 
explain  its  other  relationships.  I  have  therefore  arrived  at  the  conclusion 
that— if  one  rests  mainly  upon  phyletic  hypotheses — Buxbaumia  is  a  form 
which  has  stood  still  in  a  stage  which  other  Musci  have  passed,  and  that 
it  has  a  primitive  character.  We  might  imagine  such  a  form  to  arise  from 
a  filamentous  Alga  in  which  the  branches  bearing  sexual  organs  have 
developed  somewhat  differently  from  the  vegetative  branches,  especially  in 
the  direction  of  providing  envelopes  for  the  sexual  organs.  If  the  formation 
of  the  sexual  organs  is  postponed  to  a  later  stage  and  the  envelopes  became 
purely  vegetative,  a  leafy  moss-stem  would  then  arise. 

Phasoaceae.     Only  a  little  more  developed  than  in  Buxbaumia  are  the 
plants  of  some  small  Phascaceae.   In  them  the  protonema  perennates  and  the 


Pig.  107.  Epheroenun  serratam.  Portion  or  a  proto* 
nema-thread  with  two  yoang  plants.  Three  anthoidia 
are  visible  in  the  plant  to  the  left,  and  one  archeji^oniam 
ill  the  plant  to  the  right.  The  first  leaf  of  the  female 
plant  is  seen  tarned  to  the  front  and  consists  of  a  simple 
oeU-row.    Ma^ified. 


Fig.  108.  Schistostega  osmundacea.  Social 
growth.  Ty  the  oldest  shoot.  Ilia  and  121b  issue 
from  //. 


moss-plants  are  mere  supporters  of  the  sexual  organs.  They  always  exist, 
however,  from  the  first  as  cell-bodies  constructed  out  of  the  three-sided 
pyramidal  apical  cell  which  is  almost  universal  in  Musci,  and  the  segments 
of  which  are  devoted  to  the  formation  of  leaves.  In  the  simplest  Musci  the 
leaves  consist  of  but  one  cell-layer,  and  they  can  act  as  organs  of  assimila- 
tion because  they  contain  chlorophyll,  but  as  a  fact  they  are  at  first  used  only 
as  envelopes  to  the  sexual  organs.  In  this  relation  it  is  interesting  to 
observe  that  the  first  '  leaf*  of  Ephemerum  serratum  (Fig.  107)  is  sometimes 
a  simple  protonema-thread,  so  that  the  primordium  of  a  moss-bud  up  to  a 
certain  stage  of  development  can  be  caused  to  grow  out  into  protonema  ^ 


*  Goebel,  (Jbcr  Jugendformen  von  Pflanzen  und  deren  kiinstliche  Wiederhervomifimg,  in  Sitzungs- 
bexichte  der  bayerischen  Akademie,  1896. 
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SchistoBtega.  The  next  stage  is  one  where  the  stem  passes  on  to  the 
formation  of  the  sexual  organs  at  a  later  time  than  in  the  case  of  Ephe- 
merum.  It  still,  however,  has  a  simple  conformation  as  it  remains  un- 
branched.  We  see  this  in  Schistostega.  The  several  foliage-shoots  of  this 
plant  have  limited  growth,  and,  according  to  the  hypothesis  above  stated,  were 
originally  all  supporters  of  the  sexual  organs,  whilst  now  only  a  relatively 
small  number  of  them  are  of  this  nature ;  the  others  remain  vegetative.  All 
are  alike  incapable  of  branching  *.  New  shoots  arise  out  of  protonema- 
threads  which  are  formed  at  the  base  of  the  old  shoots.  These  protonemata 
remain  very  short,  and  each  at  its  apex  passes  at  once  into  the  formation  of 
a  moss-bud  (Fig.  io8),  evidently  because  assimilated  material  flows  into 
them  from  the  old  shoot.  They  issue  from  the  leafless  under-region  of 
these  old  shoots,  and  in  this  way  arises  the  social  growth  of  the  stems.  If 
we  suppose  the  protonema-threads  which  will  grow  out  into  shoots  to  be 
still  more  shortened,  the  resemblance  to  an  actual  branching  would  be  even 
more  conspicuous. 

Fissidens  bryoides.  An  interesting  transition  in  this  respect  is  found  in 
the  male  branches  of  Fissidens  bryoides  ^.  This  moss  retains  in  its  branching 
a  primitive  character — the  chief  shoot  ends  with  the  formation  of  archegonia. 
In  the  axils  of  the  leaves  numerous  bud-like  groups  of  antheridia  are  found, 
and  in  the  position  occupied  by  these  in  the  lower  region  a  protonema-thread 
appears.  The  cell  which  becomes  a  male  branch  projects  outwards  beyond 
the  surface  of  the  shoot,  as  if  it  were  about  to  grow  into  a  protonema- 
thread,  but  then,  without  forming  a  protonema-thread^  it  passes  at  once  into 
the  formation  of  an  apical  cell  of  a  shoot. 

The  case  of  Fissidens  bryoides  brings  us  evidently  very  near  to  that  of 
Schistostega,  and  only  one  step  further  is  necessary  for  the  complete  sup- 
pression of  the  protonema  in  the  origination  of  the  shoot.  At  all  events  we 
could  establish  a  series  from  Buxbaumia  up  to  the  ordinary  type  of  the 
Musci,  and  we  have  seen  analogies  in  the  Hepaticae.  Whether  it  is  really 
an  ascending  series,  or  perhaps  a  descending  series,  and  whether  what  we 
have  regarded  as  primitive  forms  are  not  really  reductions,  is  not  at  first  to 
be  determined,  and  it  is  therefore  superfluous  to  dispute  about  it.  The  chief 
point  is  to  establish  such  series  as  will  bring  different  forms  into  relationship 
one  with  another. 


*  Contrary  statements  which  appear  in  the  Bryologia  europaea  are  based  upon  incorrect  obser- 
vation. I  have  not  found  a  single  branched  individual  amongst  hundreds  of  plants  of  Schistostega 
which  I  have  cultivated  and  examined.  Leitgeb  also  never  found  a  branched  plant ;  see  Leitgeb,  Das 
Wachstum  von  Schistostega,  in  Mittheilungen  des  naturwissenschaftlichen  Vereines  fiir  Steiermark, 
1874,  p.  I. 

'  See  Leitgeb,  Zur  Kenntniss  des  Wachstums  von  Fissidens,  in  Sitzungsberichte  der  Wiener 
Akademie,  Ixix,  i  (1874). 
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II 

CONFIGURATION  OF   THE  MOSS-PLANT 

The  disposition  of  the  cells,  the  formation  of  the  leaves,  and  the 
branching  of  the  *  typical '  moss-stem,  are  described  in  the  textbooks,  and 
nothing  new  has  been  brought  forward  within  the  last  twenty  years.  It  will 
suffice  therefore  for  me  to  mention  here  the  chief  points.     These  are  : — 

I.  In  all  moss-stems  which  have  been  examined  an  apical-cell  has  been  found, 
and  a  leaf  arises  from  each  segment  of  this.  The  apical  cell  is  usually  a  three- 
sided  pyramid  (Fig.  109).     In  Fissidens,  Phyllogonium,  and  perhaps  also  in  other 


Fig.  109.    Thaidiura  abietinum.    Shoot-apex  of  a  bud 
een  in  transverse  section.    After  Kienitz-Gerloff. 


Fig.  110.    Andreaea  rupestris.  Youngs  leaf.  There 
is  no  two-sided  apical  cell.    Highly  magnified. 


Musci  with  distichous  leaves  it  is  two-sided.     This  is  a  derived   condition,  as 
Fissidens  clearly  shows. 

2.  The  phyllotaxy  is  determined  by  the  segmentation  of  the  apical  cell.  Schwen- 
dener's  mechanical  hypothesis  of  position  of  leaves  finds  therefore  no  support  in  the 
Musci.  Where  the  phyllotaxy  deviates  from  one-third  there  is  an  *  encroachment 
of  the  segment-wall  in  the  anodic  direction '  (Fig.  109),  as  Hofmeister  proved,  and 
there  is  therefore  an  appearance  of  a  torsion  of  the  stem. 

3.  Branching  is  not  axillary.  Each  lateral  twig  shoots  out  below  the  leaf  with 
which  it  shares  origin  from  a  common  segment-cell. 

4.  The  arrangement  of  the  cells  in  the  leaves  is  characteristic.  The  leaf  grows 
chiefly  by  a  two-sided  apical  ^ell  (see  Part  I,  Fig.  26,  to  the  right)  in  the  great 
majority  of  the  cases  that  have  been  investigated.  We  have  seen  an  exception  in  the 
case  of  Buxbaumia.  In  other  genera  which  have  primitive  characters  like  Andreaea 
there  are  also  deviations  from  the  ordinary  arrangement  ^     There  are  leaves  which 


'  Berggren,  Studier  ofver  mossomas  byggnad  :  I.  Andreaeaceae,  Lund,  1868;  Kiihn,  Studien  zar 
Entwicklnngsgeschichte  der  Andreaeaceen,  in  Schenk  und  Liirssen,  Mittheilungen  aus  dem  Gesammt- 
gebiete  der  Botanik,  i  (1874). 
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have  the  ordinary  arrangement,  and  there  are  leaves  which  show  at  first  a  two-sided 
apical  cell,  and  then  pass  over  into  a  condition  of  simple  anticlinal  and  periclinal 
s^mentation,  as  in  A.  petrophila ;  finally,  in  A.  rupestris  this  latter  arrangement  is 
present  firom  the  first.  Fig.  no  illustrates  the  arrangement  of  the  cells  in  a  young 
leaf  of  Andreaea  rupestris.  The  earliest  stages  in  the  development  I  have  not 
examined,  and  I  find  no  account  of  them  in  the  authors  quoted,  and  it  is  possible 
that  at  first  an  obliquely  inclined  wall,  which  would  be  the  first  indication  of  the 
formation  of  a  two-sided  apical  cell,  appears,  and  then  the  cross-walls.  I  have  noticed 
this  arrangement  in  the  primary  leaves  of  Schistostega,  which  not  infrequently  con- 
sist of  a  cell-row  like  that  which  has  been  described  above  in  the  case  of  Ephe- 
merum.  At  all  events  in  the  leaves  of  Andreaea  rupestris  we  have  a  construction 
which  resembles  that  of  the  leaf-like  structures  which  appear  also  upon  the  protonema 
of  Andreaea,  and  this  construction  appears  to  me  to  be  more  primitive,  as.  it  is 
in  Buxbaumia,  than  that  which  occurs  in  other  Musci.  Diphyscium,  which  is 
nearly  allied  to  Buxbaumia,  shows  in  the  formation  of  its  leaves  the  same  transition 
to  the  ordinary  arrangement  of  the  cells  of  Musci  as  is  observed  in  the  leaves, 
especially  the  broader  ones,  of  Andreaea '. 

1.     THE   CONFIGURATION  OF  THE  SHOOT 
a.  Radial  Shoots, 

When  we  consider  the  configuration  of  the  shoot  of  the  moss-plant  we 
designate  as  simplest  Musci  those  which  possess  radial  orthotropous  shoots 
with  only  foliage-leaves.  Different  forms  exhibit  that  division  of  labour 
to  which  reference  in  general  terms  has  already  been  made  ^,  and  especially 
in  the  appearance  of  shoots  with  limited  growth.  The  limitation  of 
growth  in  the  lateral  shoot  is  mainly  the  result  of  correlation,  but  it  also 
occurs  in  chief  shoots,  and  here  I  believe  that  as  in  the  Hepaticae  the  con- 
ditioning cause  is  mainly  the  water-supply.  So  far  as  I  know  the  cushion- 
like Musci  which  grow  out  radially  have  shoots  of  unlimited  growth,  and 
these  die  off  below  as  they  grow  above.  This  is  not  the  case  in  segregate 
forms.  Climacium  dendroides,  for  example,  has,  as  its  specific  name  indi- 
cates, a  tree-like  stem  through  which  its  characteristic  habit  is  acquired,  and 
it  only  forms  twigs  of  limited  growth  at  a  certain  height.  But  these  shoots 
are  capable  of  further  development  if  they  come  to  lie  upon  the  moist  soil. 
The  plagiotropous  lateral  shoots  of  the  radial  shoot  of  Mnium  undulatum 
show  similar  features  ;  if  they  reach  the  soil  they  root  and  grow  as  creeping 
shoots,  and  only  subsequently  when  they  acquire  sufficient  strength  do  they 
rise  as  orthotropous  shoots  and  produce  sexual  organs  ^.     In  support  of  the 


^  An  oscillation  between  the  two  types  of  cell- arrangement,  that  is  to  say  with  or  without  a  two- 
sided  apical  cell,  occurs  also  in  the  'paraphyses*  ending  in  cell-surfaces  that  are  found  in  the 
antheridial  groups  of  different  species  of  Polytrichum.  Paraphyllia  also  exhibit  like  differences,  as 
will  be  shown  on  a  subsequent  page  (see  p.  146}. 

»  See  Part  I,  p.  21. 

'  See  the  description  in  Bryologia  europaea. 
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view  expressed  above  may  be  cited  the  fact  that  the  creeping  chief  axes  of 
Thuidium  and  of  many  other  Hypneae  and  other  Musci  have  unlimited  growth. 
In  radial  Musci  which  attain  large  dimensions  we  find  frequently  in  the 
leaves  of  the  epigeous  shoots  the  same  division  of  labour  that  is  observed 
in  many  Spermophyta,  namely,  the  shoot  is  beset  in  its  lower  part  with 
scale-leaves,  whicl^are  protective  organs  merely  and  are  not  organs  of  assimi- 
lation or  function  as  such  only  in  a  slight  degree.     The  shoot  of  a  bamboo, 

for  example  Dendrocalamus  gigan- 
teus,  which  reaches  giant-dimensions, 
produces  at  first  scale-leaves  alone, 
and  these  protect  the  bud  of  the 
stem  ;  only  when  the  shoot  comes 
above  the  ground  are  assimilating 
lateral  shoots  produced.  If  we  com- 
pare with  such  a  shoot  the  repre- 
sentation in  Fig.  1 1 1  of  Bryum  gi- 
ganteum   we   shall   see   the   same 


m 
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Fig.  hi.    Bnmm  }n£ant( 
of  the  plant.    Natnnu  size. 


earn.   Showinjr  the  habit 


Pig.  iia.  I  and  a,  Hedwij^a  ciliata.  i,  portion 
of  a  leaf  in  transverse  section.  2,  portion  of  a  leaf- 
surface,  the  protuberances  shaded.  3,  Pterobryclla 
longifrons.  Bud-scale  in  transverse  section.  Mag^- 
nified. 


features.  The  shoot  of  Pterobryella  longifrons  is  clothed  at  first  with  scale- 
leaveswhich  contain  no  chlorophyll  and  glisten  like  silver.  They  are  composed, 
with  the  exception  of  the  basal  portion,  of  elongated  sclerenchyma-like  fibre- 
cells  with  membranes  so  thickened  that  the  lumen  almost  disappears  (Fig.i  12, 
3),  a  remarkable  deviation  from  the  soft  structure  which  is  characteristic  of 
most  leaves  of  Musci.  These  scale-leaves  fall  off  at  a  later  period  and  the  shoot 
produces  in  its  upper  part  branches  with  foliage-leaves  which  are  plagio- 
tropous  and  distichously  branched,  and  the  whole  resembles  closely  the  leaf 
of  a  fern  with  a  thick  stalk.  The  production  of  scale-leaves  in  this  plant  is 
connected  with  the  struggle  in  which  it  engages  with  its  fellows  to  raise  itself 
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above  the  substratum.  In  other  cases  scale-leaves  are  produced  upon  shoots 
creeping  in  the  substratum,  and  then  it  is  the  want  of  light  which  conditions 
their  appearance,  and  they  are  arrested  states  of  the  primordia  of  foliage- 
leaves,  as  I  have  previously  pointed  out  is  the  case  in  Mnium  undulatum  ^. 
These  scale-leaves  here  remain  stationary  at  a  somewhat  late  period  of 
development  after  the  inception  of  the  midrib,  and  their  cells  remain  small 
and  like  one  another,  whilst  a  division  of  labour  subsequently  appears  in  the 
foliage-leaf  between  the  marginal  cells  and  those  further  in ;  but  in  Ptero- 
bryella,  as  we  have  seen,  there  is  a  more  far-reaching  transformation  which 
is  dependent  upon  the  fact  that  the  scale-leaves  appear  in  it  upon  epigeous 
shoots.  True  leafless  shoots  of  Musci  are  unknown  to  me,  although  they 
have  been  described  in  systematic  works  as  occurring,  for  example  in  the 
stolons  of  Climacium  dendroides,  but  these  have  scale-leaves  which  act  as 
a  protection  to  the  bud  of  the  stem.  There  would  be  no  object  in  discussing 
the  transitions  between  scale-leaves  and  foliage-leaves.  The  genetic  relation- 
ship between  the  two  naturally  leads  to  the  occurrence  of  transition-forms. 

All  the  moss-shoots  which  bear  scale-leaves  produce  foliage-leaves  if 
they  reach  the  light.  We  know  of  no  forms  which  persist,  as  in  many 
Hepaticae,  as  rhizome-shoots.  Fontinalis,  the  water-moss,  preferring  to  live 
in  rapidly  flowing  water,  shows  some  interesting  features.  The  base  of  the 
shoot  is  fastened  by  numerous  rhizoids^to  the  substratum.  Its  upper  part 
floats.  The  leaves  on  the  lower  part  are  rudimentary.  If,  however,  Fonti- 
nalis be  cultivated  in  still  water  in  the  laboratory  there  are  formed,  especially 
in  spring,  many  curved  young  shoots  which  are  clad  with  small  tufts  of 
rhizoids  and  rudimentary  leaves — an  indication  that  adaptation  to  habitat 
has  here  become  hereditary. 

Leaves  on  radial  shoots.  The  configuration  of  the  leaves  of  the  radial 
stems  of  Musci  is  wonderfully  uniform,  and  their  adaptation  to  external 
conditions  is  expressed  more  in  the  anatomical  structure  than  in  the  external 
form.  Upon  this  more  will  be  said  hereafter  ^.  Here  it  may  be  pointed  out 
that  all  the  leaves  of  Musci  are  simple  and  unbranched,  and  are  originally 
simple  cell-plates.  In  the  smallest  Musci  they  remain  in  this  condition,  for 
example,  in  Ephemerum,  Nanomitrium,  and  elsewhere.  But  in  others  the 
primary  leaves  only  are  so  simple,  the  later  ones  have  a  midrib  which  is 
a  subsequently  formed  thickening  of  the  middle  portion  of  the  leaf  produced 
by  cell-divisions  parallel  to  the  surface  of  the  original  one-layered 
primordium.  The  leaves  of  some  Musci  have  more  than  one  nerve.  The 
highest  degree  of  differentiation  is  that  possessed,  for  example,  by  the  leaves 
of  Polytrichum,  in  which  one  can  recognize  a  lamina  and  a  vagina. 

Notwithstanding  their  simple  relationships  of  configuration  the  leaves  of 


^  Goebel,  Beitrage  zur  Morphologie  und  Physiologie  des  Blattes»  in  Botanische  ZeituDg,  xxxviii 
(1880),  p.  787.  «  See  p.  143. 
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different  forms  frequently  show  differences,  but  we  do  not  know  in  most 
cases  whether  these  are  connected  with  the  conditions  of  life  or  not  One  is 
inclined,  for  example,  to  consider  that  the  form  of  the  keel-shaped  leaves 
of  Fontinalis  antipyretica,  which  grows  in  rapidly  flowing  water,  has  some 
connexion  with  facilitating  the  gliding  off  of  the  water.  But  it  is  unknown 
whether,  and  in  what  manner,  the  direction  to  one  side  of  the  apices  of  the 
curved  sickle-like  leaves  of  many  species  is  connected  with  the  life-conditions. 
Wichura^  has  pointed  out  that  in  Hypnum  uncinatum,  H.  aduncum,  H.  re- 
volvens,  H.  cupressiforme,  and  others,  the  leaf-apices  are  turned  towards 
the  shaded  side,  whilst  in  the  Dicranaceae,  for  example  D.  scoparium  and 
D.  undulatum,  they  are  turned  towards  the 
light,  and  therefore  a  kind  of  secondary 
dorsiventrality  comes  to  pass  here  as  lighted 
and  shaded  sides  are  differently  constructed. 
One  might  believe  that  the  retention  of 
water-drops  was  favoured  by  this,  but  then 
we  find  the  same  appearances  in  aquatic 
Musci  like  Dichelyma  falcatum  and  others. 
We  must  therefore  regard  the  question  of 
the  utilitarian  side  of  these  configurations  as 
one  that  is  open,  and  it  has  not  yet  received 
sufficient  attention  *.  There  are  some  phe- 
nomena of  adaptation  in  the  configuration 
of  the  leaves  which  stand  in  relation  to  the 
uptake  of  water,  and  these  will  be  noticed 
presently ;  here  I  wish  to  note  the  occur- 
rence of  *  hypsophylls '  ^. 

Hypsophylls.  These  are  present  as 
the  envelopes  of  sexual  organs,  and  they 
diverge  as  do  the  perichaetial  leaves  of 
the  Hepaticae,  from  the  ordinary  form  of 
foliage-leaves,  especially  where  the  foliage- 
leaves  exhibit  definite  adaptations  to  outer 
factors,  because  then  these  adaptations  are  absent  or  are  reduced  in  the 
hypsophylls.  Thus  the  leaves  of  the  envelope  about  the  antheridia  of 
Fissidens  bryoides  want  the  characteristic  wing  of  the  foliage- leaf ;  in  other 
species  the  wing  is  present  in  a  reduced  condition. 

In  Polytrichum  the  leaves  which   envelop  the  groups  of  antheridia 
arrive  at  their  condition  in  quite  the  same  manner  as  the  hypsophylls-  in 


Pig.  11^.  Diphysciam  foliosmn.  ]>af  on 
the  left  a  foliage-leaf.  Two  leaves  to  its  right 
are  from  a  female  shoot ;  the  middle  one  from 
lower  down  the  shoot  than  the  envelope-leaf 
on  the  right,  and  it  forms  a  transition  from  the 
foliage-leaf  to  the  envelope-leaf.  Magnified  ao. 


*  Wichnra,  Bdtrage  znr  Phjsiologie  der  Lanbmoose,  in  Pringsheim's  JahrbUcher,  ii  (i860),  p.  194. 

'  We  may  say  the  same  of  the  analogous  cases,  for  instance  that  of  Mastigobrynm,  amongst  the 
Hepaticae.  Why  should  the  leaves  by  their  curvature  (which  in  Mastigobryum  is  always  towards 
the  mider  side  of  the  shoot)  assume  a  kind  of  profile-position  ?  '  See  p.  589. 
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many  Spermophyta.  The  sheath  of  the  leaf  enlarges,  whilst  the  lamina  is 
only  slightly  developed,  and  thus  it  forms  a  large  membranous  expansion. 
The  perichaetial  leaves  of  Diphyscium  are  also  markedly  different  from  the 
vegetative  ones.  The  vegetative  ones  (Fig.  113  to  the  left)  are  simple 
tongue-like :  the  leaves  of  the  envelope  around  the  archegonia  are  much 
larger  and  broader,  and  they  end  in  a  long  bristle,  such  as  we  find  in  the 
vegetative  leaves  of  many  xerophilous  Musci,  and  they  have  *  cilia '  on  the 


Fig.  114.  I-V^  Eriopu  remotifolins.  /,  plant  with  fructification,  showinff  habit.  IJ and ///^  gemmae-  j4,  out- 
gro>»thof  the  gemma:  T,  separation-cell.  IV,  *  hair  *  from  the  calvptra.  T^,  'hair'  from  the  seta.  PV,  Drepa- 
nophyllum  falvum.  Portion  of  shoot  to  show  habit.  /  ma^ni&ed  about  4.  //  and  ///  highly  magnified. 
y/t  magnified  la. 

margin  in  the  upper  part  (Fig.  113  to  the  right).  These  cilia  are  arrange- 
ments for  the  retention  of  water,  which  has  the  same  function  in  fertilization 
here  as  in  the  Hepaticae.  The  bristles,  as  we  shall  see,  are  essentially  pro- 
tections against  drought. 

Musci  possess   also   bilateral   and   dorsiventral   shoots   besides  radial 
ones,  and,  as  I  have  already  shown  ^ : — 

*  Sec  Part  I,  pp.  66  and  lOO. 
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I.  The  bilateral  or  dorsiventral  shoots  proceed  from  radial  ones. 
a.  The  bilateral  or  dorsiventral  shoots  are  an  adaptation,  in  varying 
degree,  to  external  relationships,  especially  to  feeble  illumination. 
It  will  suffice  if  I  here  point  out  a  few  peculiarities. 

b.  Bilateral  Shoots. 

These  are  flattened  upon  two  opposite  sides,  and  frequently  the  position 
of  the  leaves  has  passed  over  from  a  tetrastichous  into  an  apparently  or 
really  distichous  arrangement.  In  other  cases,  however,  the  tetrastichous 
arrangement  is  maintained,  and  only  the  lie  of  the  leaves  is  altered. 
Anisophylly  is  then  not  infrequently  observed,  sometimes  asymmetry  of 
the  leaves.  This  disposition  of  parts  which  in  descriptive  bryological 
works  is  commonly  referred  to  as  a  distichous  arrangement  of  the  leaves, 
gives  to  the  shoots  a  flat  construction  which,  in  the  most  cases,  has  to 
do  with  the  utilization  of  feeble  unilateral  illumination,  and  it  must  not 
be  forgotten  that  a  sparingly-leaved  shoot  can  much  more  easily  retain 
water  if  its  leaves  take  up  a  pseudo-distichous  lie,  than  if  they  stand  pointing 
in  all  directions  upon  a  radial  shoot.     The  following  are  some  examples : — 

Eriopns  remotifoliaSy  C.  MiilL  (Fig.  1 14,  /-  V).  I  collected  this  moss  in 
Java  ^.  It  is  of  interest  because  the  leaves  which  stand  upon  the  upper  side 
of  the  stem,  and  those  which  stand  upon  the  under  side  of  the  stem  are  often 
only  half  as  large  as  the  lateral  ones,  and  there  are  at  the  same  time  differ- 
ences between  the  upper  leaves  and  the  under  leaves.  This  case  in  some 
measure  approaches  that  of  Lycopodium  complanatum  *,  although  the 
phyllotaxy  is  different. 

Drepanophylliun  (Fig.  114,  VI),  The  sickle-like  apparently' distichous 
asymmetric  leaves  of  this  genus  are  remarkable.  We  have  before  now  seen 
how  oblique  lie  and  asymmetric  conformation  go  together  in  the  moss-leaves, 
and  in  this  genus  we  have  a  beautiful  example  of  it.  The  under  half  of 
the  leaf,  that  which  is  bent  towards  the  base,  is  very  much  narrower  than 
the  other  ;  the  insertion  of  the  leaf  remains  moreover,  so  far  as  I  have  inves- 
tigated it,  transverse,  but  the  lamina  soon  bends  into  an  oblique  lie.  The 
biological  significance  of  this  asymmetry  is  probably  the  same  as  that  which 
was  suggested  in  the  case  of  Begonia  ^,  and  it  may  have  come  about  in  the 
same  way,  but  at  present  this  is  only  hypothesis. 

Sohistostega  *.  It  is  only  necessary  to  recall  here  that  the  bilateral  con- 
struction in  this  genus  is  the  result  of  displacement  of  the  leaves  out  of  the 
radial  position  and  is  found  only  in  the  v^etative  shoots. 

Fisaidenfl.    The  formation  of  the  leaves  in  the  Fissidentaceae  is  remark- 


^  Whether  this  is  really  Miiller's  species  or  a  nearly  allied  one  is  not  determined.  If  it  be  Miiller  s 
species  then  the  figure  of  the  habit  given  by  Dozy  and  Molkenboer,  Bryologia  javanica,  ed.  by  Bosch 
et  Sande  Lacoste,  Lugdoni  Batavomm,  1^55-7^1  ^^^  clviii,  is  hardly  successful. 

•  See  Part  I,  p.  103.  *  See  Part  I,  p.  119. 

*  See  Part  I,  pp.  66  and  235,  and  Figs.  26  and  116. 
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able  and  formerly  was  incorrectly  described.  The  primary  leaves  resemble  in 
configuration  those  of  other  Musci.  This  is  true  of  the  subsequent  leaves 
also  in  the  first  developmental  stages  ;  but  soon  there  is  formed  upon  the 
under  side  of  the  leaf- vein  a  wing-like  outgrowth  which  afterwards  becomes 
so  large  that  it  looks  as  if  it  were  the  leaf  itself,  whilst  the  true  leaf  appears 
as  a  sheathing  portion  of  the  wing.  By  this  means  the  assimilating  surface 
is  markedly  increased,  and  the  leaf  of  Fissidens  offers  a  remarkable  parallel 
with  that  of  Iris.  The  apical  cell  of  the  stem  of  Fissidens  is  two-sided,  as 
has  been  stated  above  ^.  The  young  shoots,  which  bore  through  the  soil, 
have,  as  Hofmeister  first  showed,  a  three-sided  apical  cell,  and  only  at  a  later 
period  do  they  acquire  a  two-sided  one.  The  branches  too,  which  arise  in 
a  distichous  manner  upon  the  stem,  have  at  first  a  three-sided  apical  cell,  and 
the  position  of  their  first  leaves  corresponds  therewith,  but  the  apical  cell 
is  gradually  transformed  into  a  two-sided  one,  and  the  leaves  then  become 
strongly  distichous.  The  branches  of  Fissidens  bryoides  alone  have  from 
the  first  a  two-sided  apical  cell.  This  transition  from  one  kind  of  apical 
cell  to  another  which  leads  to  a  different  phyllotaxy  cannot  be  hindered  by 
absence  of  light,  at  least  I  could  not  hinder  it  in  this  way,  although  we  may 
assume  that  it  was  primarily  caused  by  the  action  of  light. 

C.  DORSIVENTRAL  SHOOTS. 
Dorsiventrality,  as  has  been  shown,  finds  its  expression  especially  in 
anisophylly,  and  of  this  there  are  many  degrees  ^.  Hypnum  (Hylocomium) 
splendens,  species  of  Thuidium,  and  others  are  not  anisophyllous,  but  the 
direction  of  their  terminal  bud  and  the  cross-section  of  the  shoot  (see  Part 
I,  Fig.  113)  nevertheless  show  a  dorsiventral  construction.  How  Hypnum 
splendens,  living  in  k  shady  wood,  raises  itself  always  above  the  detritus  of 
the  wood  by  its  peculiar  tiered  growth,  and  contributes  to  the  layering  of 
humus,  has  been  already  shown  ^ 

2.  APPENDAGES. 
Most  of  the  Musci  possess,  in  addition  to  the  leaves,  structures  in  the 
form  of  cell-rows  without  chlorophyll,  which,  on  account  of  their  external 
similarity  to  many  hairs  of  higher  plants,  have  been  termed  *  hairs ' ;  probably 
they  are  transformed  protonema-branches.  They  are  the  homologues  of 
the  paraphyses,  as  will  be  shown  below  *.  They  stand  usually  in  the  axils 
of  the  leaves.  The  simplest  forms  of  Musci,  like  Ephemerum,  want  them. 
They  are  also  absent  from  the  sterile  shoots  of  Schistost^a,  whilst  each  of 
the  envelope-leaves  of  the  archegonia  has  one  of  them  in  its  axil.  The 
function  of  these  *  hairs '  is  only  known  in  Funaria  hygrometrica  and  Di- 
physcium,  in  which  I  have  shown  that  they  secrete  mucilage,  and  in  Diphys- 


*  See  p.  131.  «  See  Part  I,  p.  100. 

»  See  Part  I,  p.  69.  *  See  p.  151. 
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cium  this  takes  place  in  a  peculiar  manner  by  the  splitting  of  the  cuticle 
of  the  hair-cells.  These  *  hairs '  then  conform  in  their  function  with  the 
mucilage-papillae  of  the  Hepaticae,  and  their  mucilage  serves  for  the  pro- 
tection of  the  young  soft  parts  at  the  vegetative  point  Whether  this  function 
is  generally  distributed  requires  investigation.  Perhaps  the  *  hairs  '  produce 
a  secretion  in  other  cases,  or  they  may  take  a  share  in  the  uptake  of  water ; 
the  latter  function  at  any  rate  belongs  to  the  paraphyllia  ^  which  will  be 
described  below,  but  these  are  readily  distinguished  both  by  their  containing 
chlorophyll  and  by  other  characters  from  the  *  hairs'  we  have  under 
consideration. 


Ill 
ASEXUAL   PROPAGATION   IN   MUSCI 

The  Musci  have  a  much  richer  vegetative  propagation  than  is  found  in 
the  Hepaticae.  Almost  every  living  cell  of  a  moss  can  grow  out  into  pro- 
tonema^  and  many  produce  gemmae  of  the  most  different  kinds.  I  do 
not  intend  to  describe  these  here.  I  shall  only  give  a  glance  at  the  best- 
known  ones  along  with  a  note  of  the  special  investigations  of  Correns  ^. 
We  shall  only  consider  how  far  the  asexual  propagation  has  led  to  a  change 
in  \h&  formation  of  organs^  and  this  is  not  clear  in  all  the  forms  of  gemmae. 

We  have  to  distinguish  two  things : — 

{a)  The  application  of  parts  of  the  leafy  shoot  to  the  formation  of 
gemmae. 

{b)  The  application  of  protonematous  outgrowths  to  the  formation  of 
gemmae. 

As  propagative  organs  we  have : — 

1.  Entire  shoots  provided  with  reserve-material  which  are  thrown 
off, — either  terminal  portions  of  chief  shoots  and  lateral  shoots,  as  in  Cam- 
pylopus  flexuosus,  C.  Schimperi,  and  others,  or  whole  lateral  shoots,  as  in 
Bryum  argenteum.  These  shoots  form  rhizoids  and  grow  subsequently.  Ac- 
cording to  Correns,  in  some  species  of  Webera  the  leaves  of  the  gemma- 
shoot  are  reduced,  and  in  Webera  prolifera,  for  example,  we  find  that  the 
apical  cell  of  the  shoot  no  longer  continues  its  normal  growth,  but  instead 
there  is  the  formation  of  protonema. 

2.  Leaves.  The  remarkable  gemma-leaves  of  Aulacomnium  palustre 
have  been  long  known ;  they  are  formed  upon  special  greatly  elongated 


*  See  p.  146. 

•  Correns,  Vorlanfige  Vbersicht  iiber  die  Vennehrungsweise  der  Lauhmoose  durch  Bnitorgane,  in 
Berichte  der  dcaUchen  botanischen  Gesellschaft,  xv  (1897),  p.  374;  Id.  Untereachungen  iiber  die 
Vermehning  der  Laubmoose  dnrch  Brutorgane  nnd  Stocklinge,  Jena,  1899. 
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shoots,  are  filled  with  reserve-material  ^,  and  in  germination  they  produce 
a  protonema  *. 

3.  Modifled  protonemata,  proceeding  partly  out  of  the  leaves,  partly 
out  of  the  shoot-axes.  These  do  not  essentially  differ  from  protonema  in 
the  manner  of  their  multiplication.  Sometimes  they  separate  as  filaments, 
sometimes  as  cell-masses.  I  may  mention  only  one  example.  The  Java- 
nese moss  Eriopus,  represented  in  Fig.  114,  has  in  the  axils  of  its  leaves 
numerous  tufted,  branched,  brown  protonema-threads,  which  form  peculiar 
two-armed  gemmae  at  their  extremities  (Fig.  114,  //),  and  these  gemmae 
are  also  distinguished  from  the  brown  threads  by  their  uncoloured  walls  and 
probably  also  by  their  containing  chlorophyll  ^.  The  gemma  forms  the 
end  of  a  stem-borne  protonema-thread.  At  the  point  of  attachment  of  the 
gemma  to  the  protonema-thread  a  short  separation-cell  is  cut  off,  and  as 
this  cell  dies  a  split,  which  is  not  produced  merely  mechanically,  develops 
about  the  middle  of  its  cell-wall.  But  before  this  occurs  a  branch  which 
grows  downwards  issues  out  of  the  basal  cell  of  the  gemma.  When  the 
gemma  has  fallen  off,  the  cell  below  the  separation-cell  grows  out  through 
the  remains  of  the  separation-cell  into  a  new  gemma,  and  this  may  be 
repeated  often,  with  the  result  that  there  is  visible  on  the  outside  of  the  cells 
the  remains  of  cell -membranes  like  a  ruffle  (Fig.  114,  ///),  recalling  very 
much  the  features  produced  in  the  filament  of  Oedogonium  in  the  process 
of  interpolation  of  cell-membrane. 

I  may  mention,  as  illustration  of  the  formation  of  protonemata  which 
have  developed  into  cell-masses  and  which  arise  by  suppression  of  the 
formation  of  leaves  at  the  end  of  a  shoot,  the  gemmae  of  Aulacomnium 
androgynum  which  stand  upon  leafless  elongated  portions  of  shoot  compar- 
able with  the  pseudopodia  of  Sphagnum  and  Andreaea,  and  those  also  of 
Tetraphis  pellucida.  In  Aulacomnium  androgynum  they  are  not  leaves 
and  they  show  no  transitions  to  leaves*,  as  they  do  in  the  case  of  Aulacom- 
nium palustre,  yet  they  conform  in  their  position  with  leaves.  In  Tetraphis 
the  gemmae  stand  within  a  flat,  cup-like  envelope  formed  by  widened 
leaves  at  the  end  of  special  shoots.  These  have  a  certain  resemblance  to 
the  cup-like  groups  of  antheridia  of  many  Musci,  and  this  led  Schimper  *  to 


'  The  midrib  has  developed  at  the  expense  of  the  lamma  as  in  the  leaves  of  Leucobryom. 

"  For  other  cases  see  Correns,  Vorlaufige  Ubersicht  iiber  die  Vermehrungsweise  der  Lanbmoose 
dnrch  Brntorgane,  in  Berichte  der  deutschen  botanischen  Gesellschaft,  xv  (1897),  p.  374;  Id. 
Unteisnchnngen  iiber  die  Vermehnmg  der  Lanbmoose  dnrch  Brutorgane  and  Stocklinge,  Jena,  1899. 

'  I  examined  material  preserved  in  alcohol. 

*  Grevillius,  Ober  den  morphologischen  Wert  der  Bmtorgone  bei  Aulacomnium  androgynum  (L.), 
Schwaegr.,  in  Berichte  der  deutschen  botanischen  Gesellschaft,  xvi  (1898),  asserts  that  these  exist,  and 
would  therefore  regard  the  gemmae  as  transformed  foliage-leaves.  The  arrangement  of  the  gemmae 
is  against  this  assumption.  The  *  transition-structure  *  might  arise  by  the  development  of  gemmae 
beginning  at  the  apex  of  the  leaves  which  are  arrested  in  development,  and  thence  invading  the 
stem.  This  is  what  happens  in  many  Hepaticae  (see  p.  49),  only  in  them  many  gemmae  arise  upon 
the  leaves  not  one  only  as  here.  '  Schimper,  Bryologia  europaea,  Stuttgartix.  vol.  iii. 
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conjecture,  although  not  upon  solid  grounds,  that  in  these  cups  of  gemmae 
we  have  a  *  virescence  of  the  antheridial  groups.'  The  assumption  of  Correns, 
that  the  gemmae  of  Tetraphis  are  modified  *  paraphyses/  is  also  untenable. 
When  we  speak  of  the  sexual  organs  we  shall  learn  about  paraphyses  which 
only  occur  with  them.  Gemmae,  quitejike  those  upon  the  shoots^  may  also 
occur  upon  the  protonema  of  Tetraphis,  as  Correns  has  himself  shown. 
How  can  paraphyses  occur  then  upon  the  protonema  ?  It  is  a  *  contradictio 
in  adiecto.'  The  facts  clearly  show  that  we  have  only  to  do  with  a  special 
kind  of  formation  of  protonema  in  some  measure  like  that  which  is  found  in 
paraphyllia  ^. 


IV 

VEGETATIVE  ADAPTATION   IN   THE   MUSCI 

I.    BELATIONSHIP  TO  WATER. 

It  has  been  shown  that  in  the  Hepaticae  the  relationships  to  water 
exercise  a  dominant  influence  upon  their  configuration.  In  the  Musci, 
although  we  have  not  such  multifarious  adaptations  for  the  retention  of 
water  as  are  found  in  the  Hepaticae,  yet  the  relation  to  water  affects  their 
configuration  in  a  profound  degree.  More  than  forty  years  ago  Carl 
Schimper  recognized  the  essentials  of  this  relationship,  although  as  a  matter 
of  fact  his  words  evince  a  restricted  appreciation  of  the  uptake  of  water  in 
the  Musci  ^.  That  indeed  a  movement  of  water  and  of  dissolved  salts  takes 
place  in  the  stem  of  a  moss-plant  is  suggested  by  the  immense  development 
of  the  rhizoid-system  of  many  Musci,  and  we  may  surely  conclude  therefrom 
that  this  system  is  not  simply  an  anchoring  apparatus,  but  that  its  essen- 


^  For  an  account  of  paraphyllia  see  p.  146. 

•  Carl  Schimper,  one  of  the  founders  of  the  Schimper-Braun  hypothesis  of  phyllotaxy,  most  not  be 
taken  in  this  connexion  for  Wilhelm  P.  Schimper,  the  bryologist.  In  his  *  Mooslob,'  published  in 
1857,  he  says  on  p.  13  :— 

£mp6ndlich  fiir  das  Fenchte, 

Wie  fur  des  Ortes  Leuchte, 

Was  Wnrz*  nnd  Stengel  leisten, 

Gleich  siehst  du  bei  den  meisten; 

Was  die  geheim  anch  mischen, 

Sie  konnen  nicht  erfrischen 

Die  kargen  Wasserfasser  — 

Moos  welkt  im  Glase  Wasser ! 

Die  Blatter  sind  die  Leiter, 

Und  anssen  geht  es  weitert 
This,  if  wanting  as  verse,  indicates  good  observation. 
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tial  function  is  rather  the  uptake  of  dissolved  salts  from  the  soil.  Haber- 
landt  and  others  have  also  shown  that  there  is  in  many  Musci  an  internal 
movement  of  water.  In  the  stalk  of  the  sporogonium  the  water  undoubtedly 
moves  also,  and  its  evaporation  takes  place  from  the  assimilating  tissue  of 
the  sporogonium.  The  outer  walls  of  the  sporogonium  are  cuticularized, 
and  take  in  usually  no  water  ^ ;  the  water  which  is  evaporated  all  comes 
from  the  leafy  stem,  from  which  it  is  drawn  through  the  foot  of  the  sporo- 
gonium. But  in  the  leafy  stem  there  is  evidently  no  transpiration-stream  ^ 
which  could  cover  the  loss  of  water  from  the  leaves  in  somewhat  dry  air — 
as  Schimper  says  *  moss  wilts  in  a  glass  of  water.'  The  leaves  have,  so  far 
as  they  have  been  examined,  no  cuticularized  walls ;  they  rapidly  flag  and 
rapidly  take  up  water  again  froiti  outside,  and  the  swelling  of  their  cell- 
membranes  evidently  plays  in  this  a  different  r61e  from  that  which  it  does  in 
the  higher  plants;  even  a  dead  moss-leaf  may  thereby  immediately  be  made 
*  turgescent  *  again.  The  turgescence  has,  in  my  opinion,  no  importance  in 
the  living  moss-plant  also  in  relation  to  the  imbibition  of  water  through 
the  membrane  ;  the  whole  construction  is  quite  different  from  that  in  the 
higher  plants.  With  this  is  connected  in  the  Musci  as  in  the  Hepaticae 
the  fact  that  many  xerophilous  forms,  for  instance  Andreaea,  have  in 
their  leaves  very  strongly  thickened  membranes  which  can  hold  relatively 
much  water. 

The  *  external  *  conduction  ^  which  is  spoken  of  by  Schimper  is  capil- 
lary. It  is  brought  about  partly  by  the  close  aggregation  of  the  leaves  and 
lateral  shoots,  partly  by  the  weft  of  rhizoids,  or  by  the  paraphyllia  which 
will  be  mentioned  below.  In  Sphagnum  there  are  entirely  different  devices 
for  this  purpose.  Water-storage  in  the  shoots  of  Musci,  apart  from  that 
in  their  cell-membranes,  is  unknown,  but  there  are  contrivances  for  the 
retention  of  water  and  for  the  protection  of  the  young  parts  especially 
against  too  great  heating  and  consequent  drying.  Amongst  the  xerophilous 
forms  there  are  moreover  many  which  are  well  able  to  withstand  periodic 
droughts,  and  I  have  not  been  able  to  keep  alive  Andreaea  in  a  continuously 


'  The  stalk  of  the  sporogonium  in  many  Javanese  Musci,  for  instance  Eriopus,  is  beset  with  hairs 
which  probably  take  up  water  (see  Fig.  114,  IV  and  F). 

^  See  Oltmannsy  Uber  die  Wasserbewegung  in  den  Moospflanzen  und  ihren  Einfluss  auf  die 
Wasserbewegung  im  Boden,  in  Cohn's  Beitrage,  iv  (1884) ;  Haberlandt,  Beitiage  zur  Anatomic  und 
Physiologic  der  Laubmoose,  in  Pringsheim's  Jahrblicher,  xvii  (1886) ;  Vaizey,  On  the  absorption  of 
water  and  its  relation  to  the  constitution  of  the  cell-wall  in  Mosses,  in  Annals  of  Botany,  i  (1887). 
The  anatomical  relationships  which  cannot  be  dealt  with  here  are  fully  discussed  in  the  works  cited. 

'  Hedwig,  Descriptio  et  adumbratio  microscopico-analytica  muscorum  frondosorum,  Lipsiae 
1787,  p.  109,  describes  this  in  the  case  of  Hedwigia  ciliata.  He  says  '  Papillis  nimirum,  seu  potius 
vesiculis  diaphanis  omne  eorura  exterius  planum  dense  obsitum  est,  quae  spongiae  in  modum,  avide 
adeo  attrahunt  humiditatem,  ut,  si  plantulam  penitus  siccam  pollice  et  indice  basi  sua  surrcctam  teneas, 
et  minimam  aquae  guttulam  ibi  immittas,  haec  illico  attracta,  verticaliter  adscendat  de  folio  in 
folium,  unde  amoenissimo  spectaculo  sensim  paulatimque  unum  post  alteram  ad  cacumina  usque 
erigalur,  expandatur  reflectaturque.*  The  'vesicles*  are  really  the  solid  thickenings  of  the 
membrane. 
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moist  state ;  probably  it  is,  like  Metzgeria,  adapted  to  conditions  of  periodic 
drought.     Some  of  the  chief  adaptations  will  be  now  mentioned : — 


1.     ARRANGEMENTS  FOR   THE  RETENTION  OF  WATER. 

A.     IN  THE   LEAF. 

(a)    In  the  Form  of  the  Leaf. 

There  is  wanting  in  the  Musci  the  wealth  of  adaptation  in  the  form  of 
the  leaf  in  relation  to  the  retention  of  water  that  is  so  manifest  in  the 
Hepaticae.  The  leaves  of  the  Musci  are  indeed  often  boat-shaped  ^,  and 
many  are  widened  at  the  base  like  a  spoon.  In  Phyllogonium  specio- 
sum,  a  beautiful  moss  hanging  from  the  branches  of  trees  in  Venezuela,  the 
edges  of  distichous  leaves  overlap  at  the  point  of  insertion,  so  that  a  tube 
surrounding  the  stem  is  formed.  In  Phyllogonium  fulgens,  as  in  many 
Neckeraceae,  there  are  at  the  basal  portion  of  the  leaf  outgrowths  of  the 
leaves  which  recall  in  a  measure  the  auricles  of  the  Hepaticae,  but  only 
those  of  the  most  simple  form.  Further,  the  leaf-base  in  the  Musci  is  often 
otherwise  specially  arranged  for  the  uptake  of  water,  as  we  shall  see  pre- 
sently *,  but  constructions  which  could  be  placed  alongside  of  the  complex 
auricles  of  the  Hepaticae  are  unknown. 

{b)    In  the  Construction  of  the  Leaf. 

I.  By  outgrowths  of  the  leaf-surflEtoe : — 

(a)  Mammillae.  The  simplest  case  is  that  where  the  cell-membrane 
protrudes  outwards  ^  and  the  leaf-surface  becomes  provided  with  mammillae, 
as  in  species  of  Timmia,  Bartramia  ityphylla,  and  others.  This  construction 
recalls  that  of  Aneura  hymenophylloides  amongst  the  Hepaticae. 

(b)  Papillae.  The  formation  of  papillae,  which  in  the  matured  con- 
dition appear  as  centrifugal  thickenings  of  the  cell-wall,  has  probably  been 
derived  from  that  of  mammillae.  In  Hedwigia  ciliata  (Fig.  iijz,  i  and  2) 
there  appears,  as  has  been  already  mentioned  *,  an  extraordinarily  effective 
capillary  apparatus  for  water.  In  other  Musci  growing  in  sunny  dry  places, 
such  as  Encalypta,  Barbula,  Racomitrium,  Grimmia,  and  Weissia,  similar 
arrangements  are  found.  They  never  occur,  however,  in  hygrophilous 
forms.  As  many  Musci  which  are  commonly  xerophilous  become  hygjro- 
philous  in  moist  conditions,  the  point  should  be  investigated  whether  these 


'  The  nndnlatioiis  of  the  surface  of  the  leaves  of  species  of  Neckera  are  also  a  means  for  the 
retention  of  water. 
«  See  pp.  145,  147. 

'  See  Lorch,  Beitrage  znr  Anatomic  und  Biologic  der  Liubmoose,  in  Flora,  Ixxviii  (1894). 
*  See  p.  143,  footnote  3. 
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papillae  are  formed  or  not  in  such  hygrophilous  states.  The  analogy  of 
many  Polytrichaceae,  which  will  be  mentioned  below,  makes  it  probable 
that  these  papillae  would  entirely  disappear  in  cultivation  under  moist  con- 
ditions as  well  as  in  the  absence  of  light. 

(c)  Lamellae.  More  common  than  mammillae  or  papillae  are 
outgrowths  of  the  leaf-surface  in  the  form  of  cell-rows  or  cell-plates 
containing  chlorophyll.  Formerly  these  were  considered  as  merely  in- 
crements to  the  apparatus  for  assimilation,  but,  as  I  have  elsewhere  shown  \ 
this  is  incorrect.  Assimilation  can  only  go  on  in  the  presence  of  water.  The 
cell-rows  or  lamellae  stand  so  close  together  that  they  hold  water  between 
them.  A  comparison  of  the  relationships  of  the  forms  to  the  stations  in 
which  they  grow  leads  also  to  the  same  result. 

Folytriohaoeae.  We  find  the  most  beautifully  developed  lamellae  upon 
the  broad  nerves  of  the  species  of  Polytrichum  which  grow  in  exposed 
stations,  but  in  the  nearly  allied  Catharinea  undulata  which  grows  in  moister 
and  more  shaded  stations,  the  outgrowths  are  smaller  and  less  numerous, 
mostly  four  to  six.  The  surface  of  the  leaf  itself  is  in  Catharinea  still  rich  in 
chlorophyll,  and  its  margins  roll  inwards  over  the  lamellae  in  dry  conditions ; 
in  Polytrichum  the  surface  of  the  leaf  is  far  behind  its  massively  developed 
lamellae  in  importance  as  an  assimilation-organ.  It  has  recently  been 
affirmed  that  the  lamellae  disappear  under  cultivation  in  moisture.  This  is 
not  correct,  they  are  reduced  at  the  most  in  Catharinea,  where  they  are 
without  doubt  the  smallest.  If  Polytrichum  be  cultivated  in  water  the  old 
leaves  die,  becoming  black,  the  new  ones  have  lower  lamellae,  adapted  to 
water-life. 

Barbula.  In  some  species  of  Barbula,  for  instance  B.  aloides,  B.  ambigua, 
and  B.  membranaefolia,  there  are  close-set  branched  cell-rows,  the  terminal 
cell  in  each  of  which  has  often  a  peculiarly  thickened  membrane  which  is 
evidently  protective.  The  one-layered  leaf-surface  is  concave,  bending  over 
the  portion  provided  with  outgrowths,  and  thus  an  effective  sponge-like 
apparatus  is  provided. 

Fottia.  Species  of  Pottia  also  there  are  which  have  lamellae,  for 
example  P.  curvifolia,  P.  barbuloides. 

Here  then  we  have  an  adaptive  character  which  has  arisen  indepen- 
dently in  three  cycles  of  affinity  of  the  Musci — the  Polytrichaceae,  the 
Barbulaceae,  and  the  Pottiaceae. 

Campylopiis  polytriohoides.  Campylopus  polytrichoides  also  has  lamel- 
lae-like outgrowths  upon  the  under  side  of  its  leaves,  they  consist  of  some- 
what thick- walled  cells ;  their  function  requires  further  investigation.  It  is 
probable  that  they  also  serve  for  holding  water. 


^  Goebel,  Archegoniatenstudien :   V.  Die  Blattbildnng  der  Lebermoose  nnd  ihre  biologische 
BedeatoDg,  in  Flora,  Ixxvii  (1893),  p.  430. 


Digitized  by 


QjOo^^ 


LEAVES  AND  WATER.     SPONGE^CONSTRUCTION  145 

2.  By  Empty  CellB  with  Perforated  Walls  : — 

This  arrangement  is  found  in  many  different  cycles  of  affinity,  and 
in  plants  which  grow  in  very  different  stations,  both  wet  and  dry. 

Sphagnum.  The  species  of  Sphagnum  are  well-known  examples  of 
plants  from  a  wet  station.  I  do  not  require  to  describe  the  structure  of  the 
leaf  and  the  stem,  but  only  to  recall  that,  as  has  already  been  shown  ^,  the 
meaning  of  the  whole  mechanism  has  not  been  recognized  hitherto.  It  is 
most  probable  that  its  explanation  lies  in  the  fact  that  Sphagna  grow  in 
places  where  the  water  only  contains  a  small  amount  of  some  of  the  mineral 
substances  necessary  for  their  nourishment,  so  that  a  profuse  water-evapora- 
tion is  necessary. 

Iieuoobryaceae.  The  cushions  of  the  Leucobryaceae  are  found  in  dry 
woods,  not  in  wet  marshy  places.  In  them  we  find  a  many-layered  leaf  in 
which  the  chlorenchyma  takes  up  only  a  small  portion  of  the  space  as 
compared  with  that  occupied  by  tissue  containing  no  chlorophyll  ^.  The 
conspicuous  feature  in  the  leaf  of  the  Leucobryaceae  is  the  presence  of 
a  strongly  developed  midrib  with  a  peculiar  construction.  Its  special  charac- 
ters stand  out  clearly  when  it  is  compared  with  the  leaf  of  Dicranum 
albidum.  The  empty  cells  communicate  with  one  another  by  numerous 
holes.  On  the  outer  walls  there  are  relatively  few  pores,  but  they  are 
found  specially  at  the  basal  part  of  the  leaf,  whence  the  water  can  easily 
pass  by  capillarity  into  the  upper  part  of  the  leaf.  In  the  case  of  Leuco- 
bryaceae the  water  must  not  (to  speak  teleologically),  as  in  Sphagnum, 
evaporate  rapidly,  but  be  retained  for  a  long  time  for  the  chlorenchyma. 
The  two  apparently  similar  kinds  of  leaf-structure  are  thus  specially  adapted 
to  different  external  conditions. 

Dioraxmm  albidum.  The  method  of  uptake  of  water  in  Dicranum 
albidum  requires  further  experimental  investigation.  The  plant  shows 
a  transition  in  the  structure  of  its  leaves  from  the  ordinary  leaf  of  the 
Dicranaceae  to  that  of  Leucobryum. 

Fottiaeeae.  Perforated  cells  are  also  found  in  Calymperes,  Syrrho- 
podon,  and  Encalypta,  which  are  genera  of  the  Pottiaceae,  but  in  them 
always  in  one  layer  and  usually  only  in  the  lower  part  of  the  leaf;  they 
are  also  found  upon  all  or  nearly  all  of  the  outer  walls  and  lateral  walls. 

Syrrhopodon  revolutos.  The  extent  to  which  the  transformation  of  the 
function  of  the  leaf  tissue  to  that  of  absorbing  water  can  go  under  suppression 
of  the  work  of  assimilation  is  shown  by  the  case  of  Syrrhopodon  revolutus, 
Dz.  and  Mb.,  which  I  investigated  (see  Fig.  115).  The  chlorophyll-cells, 
whose  area  is  indicated  by  shading  (Fig.  115,  /),  take  but  a  small  share  in 
the  structure  of  the  leaf  which  is  made  up  mainly  of  empty  cells  whose  walls, 


»  See  Part  I,  p.  279. 

*  For  the  details  of  the  strnctme  and  development  I  must  refer  to  Lorch,  Beitrage  rar  Anatomic 
mid  Biologie  der  Laubmoose,  in  Flora,  IxvBi  (1894). 
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both  the  outer  and  the  lateral  ones,  have  pores.  A  transverse  section  through 
the  lower  part  of  the  leaf  (Fig.  115,  //)  shows  but  two  kinds  of  tissue — ^the 
empty  water-absorbing  cells  and  the  mechanical  tissue  of  the  midrib  and 
margins  which  form  the  framework  on  which  the  thin- walled  empty  cells  are 
stretched  and  which  are  necessary  to  them,  for  in  themselves  they  have  not 
sufficient  firmness.  The  chlorophyllous  cells  possess  moreover  papillae,  so 
that  a  most  complete  mechanism  for  the  retention  of  water  is  provided  in 
the  plant.  Then  besides  the  above-mentioned  anatomical  features  the  leaf 
is  also  not  flat  but  is  strongly  concave,  and  the  stems  grow  thickly  crowded 
together  in  tufts.  Altogether  the  construction  of  a  sponge  in  this  moss  is 
as  good  as  is  that  in  Sphagnum  or  one  of  the  Leucobryaceae. 

B.     IN  THE  STEM. 

{a)  PaRAPHYLLIA. 

The  stems  also  of  many 
Musci  possess  chlorophyllous 
outgrowths  which  may  retain 
water  and  conduct  it  by 
capillarity.  These  are  the  so- 
called  paraphyllia^  which  are 
found  in  some  species  of 
Thuidium  and  Hypnum.  We 
have  seen  analogous  structures 
in  some  of  the  Hepaticae.  In 
the  Musci  they  are  remark- 
able in  that  they  resemble 
somewhat  leaves  in  their  con- 
struction,and  like  leaves  appear 
as  cell-surfaces  (Fig.  1 16).  We  have  in  them,  however,  in  my  view,  structures 
which  have  sprung  from  cell-threads  and  which  also  have  not  the  characteristic 
arrangement  of  leaves. 

Hypnnm  splendens.  In  Hypnum  splendens  the  paraphyllia  cover  with 
a  thick  weft  the  siu-face  of  the  strong  shoots.  They  are  narrower  or  broader 
cell-surfaces  and  through  their  branching  their  long  axes  spread  out  in 
different  directions.  The  history  of  the  development  of  the  paraphyllia 
being  unknown,  I  examined  it  in  Hypnum  splendens,  and  found  that  they 
are  laid  down  very  early  in  the  stem-bud.  Their  number  increases  in  pro- 
portion as  the  surface  of  the  segments  increases,  and  new  paraphyllia  are 
laid  down  between  the  old  ones.  It  is  interesting  that  the  arrangement  of 
the  cells  in  the  paraphyllia  resembles  that  of  the  leaves.  There  is  a  two- 
sided  apical  cell  (Fig.  117,  /,  //),  from  whose  segments,  right  and  left, 
outgrowths  proceed  in  rapid  serial  succession,  and  these  repeat  the  cell- 
arrangement  described ;  finally,  the  formation  of  the  segment-walls  ceases 


Pig.  115.  Syrrhopodon  revolutus.  /.leaf.  Theposil 
chlorenchyina  is  shaded.  //,  lower  portion  of  a  leat  in  transverse 
section.  ///^  part  of  the  lower  portion  of  a  leaf  in  sarface  view. 
The  mechaniod  tissae  is  indicated  by  ^adin^.  between  the  bands 
of  this  are  the  empty  cells  with  pores.  /,  sligtitly  magnified.  // 
and  ///,  more  highly  magnified  than  /. 
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in  the  filiform  end  of  the  paraphyllium  or  its  branches  (Fig.  117,  ///,  IV). 

The  segment-walls  are  directed  obliquely  to  the  long  axis  of  the  thread  in 

a  characteristic  fashion,  reminding  us  of  what  occurs   in  the  protonema. 

The  paraphyllia  are  narrower  and  fewer  on  the  lateral  branches  of  higher 

order  in  Hypnum  splendens. 

Thoidium  tamaraaoinum.     In  Thuidium  tamarascinum,  which  I  also 

investigated,  the  chief  shoot  alone  has  paraphyllia.     These  are  usually  only 

branched  cell-rows  (Fig.  117,  F),  provided  with  snag-like  outgrowths  like 

the  papillae  of  the  leaves,  and  such  paraphyllia 
may  take  origin  also  out  of  the  base  of  the 
leaves.  Many  of  them  are  also  developed  as 
cell-surfaces  whose  origin  differs,  however,  from 
that  of  the  paraphyllia  in  Hypnum  splendens. 
The  origin  of  the  cell-threads  is  not  clear  here, 
for  there  is  no  *  growth  from  an  apical  cell,'  but 
simple  anticlinal  and  periclinal  chambering 
like  that  which  is  observed  in  the  development 
of  the   leaves  of  Andreaea  (see  Fig.  110); 


Pig.  116  Hj'pnam  q;>lenden8.  Pa- 
raph^lliam.  At  the  lower  left  side  of 
the  hgavt  a  recnnred  branch  is  shown. 
Magni6ed  aia 


FlO.  117.  Development  of  a  paraphylliam.  /-/F,  Hypnum  splen* 
dens.  V,  Thoidiom  tamarascmom.  /  and  //,  yoong  paraphyllia. 
///  and  IVy  apices  of  older  paraphyllia  not  yet  mature  ;  the  letters 
indicate  successive  segment-walls.     V^  mature  paraphyllium. 


the  leaves  of  Thuidium  have,  however,  the  same  disposition  of  cells  as 
is  found  in  the  leaves  of  other  Musci.  The  paraphyllia  in  Thuidium 
are  therefore  transitions  to  the  protonema-threads  of  limited  growth 
which  spring  from  the  stem-surface  of  other  Musci.  The  protonema-threads, 
which  arise  upon  the  stem  and  bear  the  gemmae  also  aid  in  the  uptake  of 
water— those,  for  example,  figured  in  Eriopus  remotifolius  (Fig.  1 14).  In 
Drepanophyllum  falcatum  I  found  similar  structures. 

Paraphyllia  are  then  to  be  regarded  as  protonema-branches  of  limited 
growth  which  issue  from  the  stem-surface,  and  which  are  partly  developed 
into  cell-surfaces  and  have  in  part  attained  to  a  growth  and  method  of  con- 
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struction  analogous  with  those  of  the  leaves ;  their  function  is  to  take  up 
water  and  at  the  same  time  to  increase  the  surface  for  assimilation. 

{b)  Other  Arrangements  for  Holding  of  Water. 
Special  devices  upon  the  axes  of  the  shoots  for  the  uptake  or  holding  of 
water,  apart  from  the  paraphyllia,  are  known  only  in  the  Sphagna,  but  they 
possibly  occur  also  elsewhere.  Brizi  ^  describes  lens-like  groups  of  cells  with 
unthickened  glistening  walls  on  the  surface  of  the  shoot-axis  in  Cyathophorum 
pinnatum.  When  they  are  full-grown  their  content  has  disappeared.  I  think 
that  these  are  cell-groups  like  those  in  other  Musci  indicating  the  place  where 
protonema-filaments  or  lateral  twigs  take  origin.  It  is  possible,  however, 
that  these  cells  serve  specially  for  the  uptake  of  water.  This  can  only  be 
determined  by  experimental  investigation. 

2.     ARRANGEMENTS  AGAINST  DROUGHT 

As  I  have  already  pointed  out,  xerophilous  Musci  experience  long 
periods  of  drought  without  injury.  Nevertheless,  apart  from  the  nature  of 
the  protoplasm,  of  which  we  have  no  knowledge,  there  are  also  in  the  Musci 
arrangements  which  are  to  be  considered  undoubtedly  as  protections  against 
drought,  partly  also  as  protections  against  too  great  heat.  This  may 
perhaps  be  connected  with  the  fact  that,  on  the  one  hand,  protection  is 
required  chiefly  for  parts  that  are  not  juvenile  and  enclosed  in  a  bud,  and 
on  the  other  hand,  it  will  not  be  a  matter  of  equal  importance  whether  the 
loss  of  water  in  drying  follows  slowly  or  quickly.  A  retardation  of  the  loss 
of  water  will  be  the  result  of  the  movements  which  the  leaves  of  many  Musci 
experience  in  drying.  Thus  in  Polytrichum  the  leaves  lay  themselves  against 
the  stem,  others  wind  and  twist  themselves  together,  and  in  Leucobryaceae 
the  same  object  is  attained  by  the  living  cells  becoming  enveloped  with 
a  mantle  of  dead  ones  which  contain  air.  We  find  the  same  thing  in  other 
cases  where,  however,  the  dead  cells  serve  only  as  a  protective  mantle,  and 
have  nothing  to  do  with  the  uptake  of  water. 

Silver-glance.  Bryum  argenteum  derives  its  name  from  the  silver-glance 
of  its  shoots,  and  this  is  caused  by  the  dying  off  of  the  cell-contents  in  the 
upper  part  of  the  leaf.  These  dead  upper  parts  invest  as  with  a  mantle  the 
bud  of  the  stem  and  must  check  the  outgo  of  water.  It  depends  upon 
outside  circumstances  how  far  this  process  proceeds.  If  the  plant  be  culti- 
vated in  shade  and  moisture  the  leaves  remain  green  ^,  but  on  dry  places  the 
silver-glance  appears  and  the  point  of  the  leaf  is  drawn  out  into  a  hair. 


^  Brizi,  Sopra  alcnne  particolariti  istologiche  e  biologiche  dei  Cyathophorum,  in  Rendiconti  della 
R.  Accademia  dei  Lincei,  ii  (1893). 

*  Goebd,  Uber  den  Einflnss  des  lichtes  anf  die  Gestaltnng  der  Kakteen  nnd  anderer  Pflanzen, 
in  Flora,  Ixxzii  (1896),  p.  10.  Leacobryum  glancnm,  on  the  contrary,  retains  its  tough  leaf-structure 
even  if  cultivated  under  water. 
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Other  similar  cases  are  met  with,  for  example  Grimmia  leucophaea,  a  moss 
growing  upon  sunny  rocks,  receives  its  name  from  the  white  apices  of  the 
leaves,  and  Hedwigia  ciliata,  mentioned  above,  forms  in  dry  simny  places 
a  variety  leucophaea,  whose  leaves  appear  to  be  composed  in  the  upper  third 
of  dead  cells,  as  in  Physcomitrium  repens  and  others. 

Hair-points.  If  we  have  in  these  cases  to  deal  with  a  direct  adaptation 
to  external  conditions,  the  same  holds  good  for  the  hair-poinis^  which  are  not 
uncommonly  found  in  combination  with  them.  Such  diaphanous  hair-like 
points  are  only  seen  in  the  inhabitants  of  dry  stations.  They  are  formed  in 
the  bud  and  their  dense  aggregation  closes  the  end-bud  to  the  outside,  and 
their  thickened  cell-membranes  sometimes  act  as  water-reservoirs.  Many 
of  our  Musci,  like  species  of  Racomitrium,  Grimmia,  Barbula,  and  others, 
which  grow  upon  rocks  and  walls,  show  these  diaphanous  hair-like  points, 
and  it  is  characteristic  that  many  of  these  Musci  exhibit  local  forms  when 
growing  in  moist  localities  or  in  water,  which  do  not  have  diaphanous  hair- 
like points  upon  the  leaves.  We  see  this,  for  example,  in  Racomitrium 
canescens  with  its  form  epilosum  ^.  Musci  which  live  in  permanently  moist 
conditions  never  produce  these  hair-points. 

n.     B.ET.ATION8HIP  TO  LIGHT. 

The  relationships  of  the  configuration  of  the  Musci  to  light  are  manifold 
and  have  already  been  referred  to.  Let  me  only  recall  here  that  the  dark 
colour  of  many  Musci  is  evidently  dependent  on  light,  and  the  red  colour  of 
many  species  of  Sphagnum  is  apparent  on  the  plants  exposed  to  the  sun. 
These  features  can  be  homologated  with  what  has  been  already  said  about 
the  Hepaticae.  The  dense  cushion-growth,  which  is  characteristic  of  almost 
all  high  alpine  Musci,  enables  the  plant  to  maintain  its  heat  better. 


SEXUAL  ORGANS   OF  MUSCI 
1.     POSITION  OF  THE  SEXUAL   ORGANS. 

All  the  Musci  are  acrogynous.  The  archegonial-groups  always  form  the 
end  of  the  axis  of  a  shoot,  whether  this  be  a  main  one,  as  in  acrocarpous 
Musci,  or  a  lateral  one.  The  acrocarpous  state  is  the  more  primitive 
condition*.  Musci  are  also  acrandrous  in  their  primitive  condition.  The 
first  antheridium  proceeds  from  the  apical  cell ;  the  following  ones  from  the 
segment-cells.  Only  two  exceptions  to  this  are  known,  that  of  Sphagnum 
and  that  of  Polytrichum. 

Sphagnum.     In  Sphagnum  the  antheridium  stands  upon  the  anodic 

»  Sec  limpricht,  Die  Lanbmoose,  in  Rabenhorst,  Kryptogamen-Flora  von  Deutschland,  Ed.  2. 
•  Seep.  139. 
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margin  of  the  insertion  of  a  leaf.  Leitgeb  shows  that  the  antheridia  take 
the  position  which  otherwise  the  mother-cell  of  the  lateral  shoots  would 
assume,  and  one  might  therefore  suppose  that  the  lateral  twig  passes  over 
in  the  unicellular  condition  into  the  formation  of  antheridia,  and  it  is  note- 
worthy that  the  formation  of  leaves  on  the  male  twigs  is  often  very  small, — 
in  Fontinalis,  for  example,  we  get  minute  reduced  branches.  Sphagnum, 
however,  belongs  to  quite  a  different  cycle  of  development  from  that  of  the 
Bryineae,  and  it  appears  questionable  how  far  one  can  make  the  comparison, 
if  there  is  one. 

Polytrichaoeae.  The  Polytrichaceae '  have  cup-like  antheridial  groups 
which  are  regularly  transpierced  by  a  vegetative  shoot,  that  is  to  say,  the 
apical  cell  of  the  chief  axis  remains,  and  later  it  elongates  into  a  leafy  shoot 
through  the  antheridial  group.  Within  the  group  several  antheridia  stand 
clustered  in  transverse  lines,  there  being  two  to  three  of  them  one  above  the 
other  under  a  leaf.  Mixed  with  the  antheridia  are  the  paraphyses.  Hof- 
meister,  and  with  him  Leitgeb,  has  so  interpreted  this  relationship,  that 
*  every  cluster  of  antheridia  under  a  leaf  represents  a  shortened  lateral  twig 
whose  apex  is  developed  into  the  first  antheridium.'  This  explanation 
would  bring  the  behaviour  of  Polytrichum  into  conformity  with  other  Musci, 
and  one  might  find  an  analogy  with  it  in  the  species  of  Campylopus  ^  in 
which  many  archegonial  groups  are  united  into  *  heads '  resembling  the  cup 
of  Polytrichum  in  some  measure.  If  I  then  give  full  weight  to  Hofmeister's 
interpretation  I  would  point  out  that  the  history  of  development  is  yet 
wanting.  Up  till  now  no  one  has  shown  that  originally  in  the  place  of 
a  cluster  of  antheridia  the  apical  cell  of  the  twig  is  to  be  found  which  gives 
off  segments.  Also  in  the  case  of  Mnium  and  other  genera  the  develop- 
mental history  of  the  antheridial  groups  is  still  unknown,  and  it  is  questionable 
whether  all  Musci  must  really  be  considered  as  acrandrotis. 

The  monoecious  Musci  make  no  exception  to  the  acrandry.  In  them  the  anthe- 
ridia are  found  free  in  the  axil  of  the  stem-leaves,  or  of  the  perichaetial  leaves.  As 
Satter '  has  shown  in  the  case  of  Phascum  cuspidatum  and  Archidium,  the  foliage- 
shoot  here  ends  with  an  antheridial  group,  and  is  then  overtopped  by  one  lateral 
female  shoot  or  there  may  be  two  such  shoots,  and  this  may  also  take  place  in  other 
Musci. 

2.    DISTRIBUTION  OF  THE  SEXUAL    ORGANS, 
On  this  subject  I  shall  say  nothing  more  beyond  this,  that  in  dioecious 


*  See  Hofmeister,  Uber  die  ZeUenfolge  im  Achsenscheitel  der  Lanbmoose,  in  Botani»che  2^itung, 
xxviii  (1870),  p.  465;  Gocbel,  Ober  die  Antheridienstande  von  Polytrichum,  in  Flora,  Ixv  (i88a), 
p.  333 ;  Leitgeb,  Die  Antheridienstande  der  Lanbmoose,  ibid.,  p.  467. 

*  See  figures  in  Dozy  und  Molkenboer,  Bryologia  javanica,  ed.  by  Bosch  et  Sande  Lacoste, 
Lugduni  Batavorum,  1855-70;  for  example,  Tab.  Ixviii. 

*  Satter,  Zur  Kenntniss  der  Antheridienstande  einiger  Laubmoose,  in  Berichte  der  deutschen 
botanischen  Gesellschaft,  ii  (1884),  p.  13. 
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Musci  the  male  plants  are  frequently  smaller  and  have  a  simpler  organization 
than  the  female  ones.  A  striking  example  of  this  is  offered  by  Buxbaumia  ^, 
whose  extremely  small  male  plant  has  only  one  leaf  and  no  stem,  whilst  the 
female  plant  has  a  large  number  of  leaves  and  a  stem  which  is  no  doubt  very 
small  and  has  a  simple  construction.  In  Ephemerum  also  the  male  plants 
are  smaller  and  have  fewer  leaves  than  the  female  (see  Part  I,  Fig.  87),  and  in 
varying  degree  this  is  repeated  in  most  dioecious  Musci.  Amongst  the  most 
striking  examples  are  those  dwarf  males  which  are  found  along  with  larger 
male  plants  in  Leucobryum  and  some  species  of  Dicranum.  Evidently  in 
these  Musci,  as  in  the  prothalli  of  the  ferns,  the  male  sexual  organs  can  develop 
under  external  conditions  that  do  not  suffice  for  the  formation  of  the  female 
organs,  and  it  is  further  clear  that  the  female  plant,  which  subsequently 
produces  the  embryo,  must  be  better  equipped  than  the  male. 


3.   THE  ANTHERIDIAL  GROUPS  AND  ARCHEGONIAL  GROUPS^ 

The  sexual  organs  in  Musci  are  protected  on  the  one  hand  by  the 
leaves  which  surround  them,  t\i^  perichae Hal  leaves,  and  on  the  other  hand 
by  iht  paraphyses. 

Paraphyses.  The  paraphyses  are  cell-threads  whose  upper  cells  are 
frequently  swollen  into  spheres,  and  contain  chlorophyll.  In  Polytrichum 
the  paraphyses  end  in  small  cell-surfaces  ^.  With  regard  to  their  homology, 
there  can  be  no  doubt  that  they  are  nearly  allied  to  hair-like  structures  which 
one  meets  with  also  on  the  v^etative  shoot*.  In  many  cases,  as  in 
Diphyscium,  they  cannot  be  distinguished  from  these ;  in  other  cases,  as  in 
Mnium  and  Polytrichum,  I  found  all  stages  of  transition  between  them. 
Their  function  has  not  been  sufficiently  dwelt  upon.  As  I  have  elsewhere 
pointed  out  *,  they  are  in  the  first  instance  protective  organs,  especially 
against  drought,  and  the  spherical  expansion  of  the  cells  that  characterizes 
many  paraphyses  fits  them  better  to  cover  the  antheridia.  Doubtless  this 
is  not  their  only  function  •.  Excretion  of  mucilage  by  them  is  only  known 
in  Diphyscium.  It  is  doubtful  whether  they  also  excrete  water  or  slimy 
water  such  as  Leitgeb  has  observed  amongst  the  Hepaticae  in  Corsinia. 
The  paraphyses  can  certainly  retain  water  by  capillarity,  and  this  is  specially 
the  case  in  the  disk-shaped  or  flat  cup-like  antheridial  groups  of  Polytrichum, 
Mnium,  and  others,  which  are  admirably  suited  by  the  disposition  of  their 
perichaetial  leaves  to  retain  water.     If  a  drop  of  water  be  placed  upon  a  dry 


'  See  also  p.  127. 

*  These  are  not  infrequently  referred  to  as  the  *  flowers '  of  the  Musci  only  on  the  ground  of  an 
external  resemblance  of  the  antheridial  groups  with  the  flowers  of  higher  plants.  Any  other 
homology  does  not  of  course  exist.  '  See  footnote  on  p.  13a.  *  See  p.  T38. 

*  Goebel,  Die  Muscineen,  in  Schenk's  Handbuch  der  Botanik,  ii  (i88a). 

*  See  also  Kienitz- Gerloff,  Cber  die  Bedeutung  der  Paraphysen,  in  Botanische  Zeitung,  xliv, 
(1886),  p.  248. 
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antheridial  group  it  is  absorbed.  The  closely  set  paraphyses  also  furnish 
the  ripe  antheridia  with  an  abutment  by  means  of  which  the  mucilage  con- 
taining the  spermatozoids  is  pressed  out 
further  from  them. 

How  the  distribution  of  the  sper- 
matozoids is  brought  about,  whether 
fortuitously  through  raindrops,  or 
whether  small  animals  are  concerned  in 
it,  is  as  little  known  as  it  is  in  the  case 
of  the  Hepaticae. 

The  archegonial  groups  are  in- 
vested by  one  or  more  cycles  of  perichae- 
tial  leaves  (Fig.  ii8),  and  have  ex- 
ternally a  bud-like  aspect.  We  have 
already  shown  ^  that  these  perichaetial 
leaves  are  frequently  distinguished  from 
those  of  the  stem  by  the  possession  of 
arrangements,  such  as  cilia  which  can 


Fig.  ii8.  Mniam  ondalatam.  Iramatore  arche* 
{|;onial  group  invested  by  its  perichaetial  leaves  in 
transverse  section.  The  archegonta  and  close-set 
paraphyses  between  them  are  seen.    Magnified. 


'retain  the  water  which  is  so  necessary  for  fertilization. 


VI 


THE  SPOROGONIUM  OF  MUSCI 
1.  STRUCTURE  AND  DEVELOPMENT 

The  vegetative  differentiation  of  the  Musci  is  much  more  uniform  than 
that  of  the  Hepaticae,  and  the  same  may  be  said  of  the  construction  of  their 
sporogonium.  Different  though  the  sporogonium  of  Splachnum  rubrum, 
with  its  long  stalk,  its  remarkable  apophysis,  and  its  peristome-apparatus 
for  the  distribution  of  the  spores,  appears  to  be  from  the  unstalked  sporo- 
gonium of  Ephemerum  which  is  filled  at  maturity  with  spores,  and  wants 
altogether  arrangements  for  the  distribution  of  the  spores,  it  is  nevertheless 
constructed  upon  the  same  *  plan ' — only  in  one  case  we  have  an  adaptation 
for  the  distribution  of  many  small  spores,  whilst  in  the  other  only  a  small 
number  of  large  spores  is  produced,  and  therefore  a  less  size  and  simpler 
organization  of  the  sporogonium  is  sufficient. 

The  oalsrptra.  The  archegonial  venter  does  not  behave  in  the  same  way 
in  Musci  as  it  does  in  the  Hepaticae.  Sphagnum  is  most  like  the  Hepaticae 
in  respect  of  it  because  its  sporogonium  remains  enclosed  almost   until 


*  See  p.  135. 
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maturity  within  the  archegonial  venter  which  is  only  then  ruptured  by  the 
stretching  of  the  sporogonium.  In  the  Phascaceae  also  we  find  primitive 
relationships.  In  Archidium  the  sporogonium,  as  in  Sphagnum,  comes  out  of 
the  ruptured  archegonial  venter,  and  in  Nanomitrium  ^  (see  Fig.  1 20,  //)  the 
capsular  portion  of  the  embryo  presses  together  the  cells  of  the  archegonial 
venter  until  they  are  not  recognizable ;  thereafter  the  capsule  of  Nano- 
mitrium carries  upon  its  apex  the  archegonial  neck  alone.  The  increase  of 
the  venter  after  fertilization  provides  a  protective  organ  to  the  embryo,  whose 
lower  half  bores  more  or  less  deeply  into  the  moss-stem,  and  the  ensheathing 
portion  of  the  moss-stem — the  vag-inula— forms  the  continuation  of  the 
calyptra.  In  some  Musci  the  venter  forms  at  the  same  time  a  water- 
reservoir  for  the  embryo.  In 
Funaria  hygrometrica  and  other 
Funariaceae,  as  well  as  in  En- 
calypta  vulgaris,  the  venter 
bulges  out  in  its  lower  part 
and  separates  from  the  embryo, 
a  behaviour  that  was  quite  un- 
intelligible until  I  showed  ^  that 
between  the  venter  and  the  em- 
bryo there  is  fluid.  The  locali- 
ties in  which  these  Musci  grow 
make  it  probable  that  the  water 
thus  excreted  is  made  use  of 
by  the  embryo  at  a  later  period, 
but  an  experimental  research 
devised  to  settle  this  point  gave 
no  more  result  than  it  did  in 
the  analogous  case  of  the  exu- 
dation of  water  in  the  flower- 
buds  of  many  Spermophyta. 

In  most  Musci  the  elon- 
gated spindle-like  embryo  issues 
out  of  the  archegonial  venter 
at  an  early  period.  It  lifts 
off"  the  calyptra  at  its  base 
where  frequently  a  line  of  separation  is  early  marked,  and  carries  it  up  as 
a  cap  which  invests  the  end  of  the  sporogonium  until  shortly  before  maturity 
(Fig.  124,^).     In  Musci  which  live  in  dry  places,  like  Polytrichum,  Ortho- 


FiG.  119.  Polytrichum.  Shoot-apex  in  longitudinal  section. 
Leaves  are  seen  on  the  outside.  A  sterile  archegoninm  on  its 
stalk  is  on  the  right.  At  the  summit  one  fertile  archegonium 
enclosing  an  embryo.  The  embryo  has  gjown  dovra  into  the 
stalk  of  the  archegonium,  which  stalk  mcreased  greatly  in 
size  after  fertilization  took  place :  how  greatly  may  be  seen  by 
comparison  with  the  stalk  of  tne  sterile  archegonium.  Out 
of  the  archegonial  venter  which  is  forming  the  calyptra  many 
cell-rows  have  developed  in  basipetal  succession.  Tlicse  are  the 
*  hairs '  of  the  caljrptra.  The  upper  ones  are  thick-walled  and  are 
protective ;  the  lower  are  thin-walled  and  absorb  water.  Mag- 
ni6ed  65. 


'  Goebel,  Archegoniatenstndien :  VIL  Uber  die  Sporenausstreuung  bei  den  Laubmoosen,  in  Flora, 
Ixxx  (1895),  p.  463. 

*  Goebel,  op.  cit.,  p.  474.  I  there  refer  to  the  statements  of  Hedwig,  which  have  been  entirely 
overlooked. 
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trichum,  and  others,  the  calyptra  is  strengthened  hy^  hairs*  ^  which  are  merely 
protonema-threads  of  limited  growth  which  have  grown  out  of  it  after  fer- 
tilization. These  *  hairs  *  in  Polytrichum  are  branched  cell-rows  which  are 
closely  interwoven  with  one  another  ^  The  cell-walls  of  the  stronger  threads 
are  thick  and  cuticularized,  clearly  showing  that  they  act  as  a  protection 
against  drought  (Fig.  119). 

The  interpretation  of  these  hair-like  outgrowths  upon  the  calyptra  as 
protonema-threads  may  at  first  appear  surprising,  but  a  protonema  out  of 
which  new  plants  arise  is  developed  out  of  the  calyptra  in  Conomitrium  as 
I  have  before  now  shown  ^.  In  Polytrichum,  Orthotrichum,  and  other  Musci, 
these  protonemata  which  are  only  formed  after  fertilization  on  the  calyptra 
are  very  characteristic.  They  have  oblique  walls,  for  example  in  Poly- 
trichum (Fig.  1 19).  In  this  genus  they  evidently  also  serve  for  the  absorption 
of  water  for  the  embryo  so  long  as  it  is  small  and  enclosed  in  the  archegonial 
venter.  The  *Jhairs'  are  developed  in  basipetal  succession,  and  whilst 
the  upper  thick-walled  ones  retain  air  between  them  and  protect  from 
drought  the  archegonial  venter  enclosing  the  embryo,  the  lower,  being  still 
thin,  absorb  water,  and  it  is  through  them  that  the  store  of  water  in  the 
venter  in  Funaria  and  Encalypta  is  renewed. 

In  many  Musci  the  embryo  is  surrounded  by  a  hyalific  mucilage^ 
which,  in  my  view,  is  a  protection  against  the  entrance  of  water,  as  the 
neck-portion  of  the  archegonium  is  by  no  means  always  closed  after  fertili- 
zation. 

Structure  and  development  of  the  embryo.  The  cellular  construction  of 
the  embryo  in  Sphagnum  is  like  that  in  many  Hepaticae.  A  transverse  wall  appears 
in  the  fertilized  egg.  The  lower  half  then  undergoes  a  few  divisions ;  the  upper 
divides  into  six  to  eight  transverse  disks,  and  each  of  these  again  into  four  quadrants 
whose  further  development  will  be  mentioned  below. 

In  all  other  Musci  the  method  of  division  is  different.  After  one  or  two  trans- 
verse walls  have  appeared  in  the  fertilized  egg  there  arises  in  the  upper  cell,  the 
one  next  the  archegonial  neck,  an  oblique  wall  to  which  a  second  wall,  inclined  to 
and  opposite  to  it,  follows.  A  two-sided  apical  cell  is  thus  produced  which  gives  rise 
to  a  number  of  segments  (Fig.  120,  /),  but  at  a  later  period  it  sometimes  becomes 
replaced  by  a  network  of  cells,  in  the  same  manner  as  we  find  it  in  the  apical  cell 
of  many  prothalli  of  ferns,  or  of  the  strobilus  of  Equisetum. 

In  the  cell-mass  which  constitutes  the  young  embryo  a  relatively  small  number 


'  The  name  Orthotrichum  indicates  that  these  '  hairs  *  are  erect.  They  are  murow  ceU-surfaces  of 
similar  origin  to  the  paraphyllia  in  Thnidiom.  Their  cells  remain  alive  for  a  long  time,  and  may 
also  share  in  the  uptake  of  water. 

'  See  Fritsch,  tJber  einige  mechanische  Einrichtungen  im  anatomischen  Ban  von  Polytrichum 
juniperinum,  Willd.,  in  Berichte  der  deutschen  botanischen  Gesellschaft.  i  (1883),  p.  83,  Plate  11. 

'  Goebel,  Die  Mosdneen,  in  Schenk's  Handbuch  der  Botanik,  ii  (1882). 

*  This  is  found  in  Andreaea  and  Sphagnum.  See  Waldner,  Die  Entwicklung  der  Sporogone  von 
Andreaea  und  Sphagnum,  Leipzig,  1887. 
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of  the  cells  are  devoted  to  the  formation  of  spores.  Most  of  them  remain  sterile  and 
serve  partly  for  the  nutrition  of  the  fertile  ones,  partly  for  the  distribution  of  spores. 
We  do  not  find  amongst  the  Musci  so  primitive  a  sporogonium  as  that  of  Riccia 
amongst  the  Hepaticae,  but,  apart  from  Archidium,  only  such  as  correspond  with 
the  type  represented  by  Anthoceros. 

In  the  capsular  portion  of  the  moss-sporogonium  there  is  differentiated  at  an 
early  period  a  fertile  cell-layer — the  arckesporium.  Its  evolution  may  be  readily 
followed  in  transverse  sections.  If  we  make  a  transverse  section  through  a  young 
embryo  only  two  cells  can  be  seen  at  first,  and  these  are  separated  by  the  segment- 
wall.  Then  follows  a  second  wall  at  right  angles  to  the  first,  and  thus  a  cylinder  of 
quadrants  arises,  but  this  is  not  formed  in  Archidium.  In  each  quadrant  there  is 
formed  an  inner  and  an  outer  cell  by  the  appearance  of  either  an  anticlinal  or 


Fig.  120.  Nanomitrioin  tenenun.  Archegonimn  after  fertilisation  and  joanz  sporogonium  at  different  stages 
of  development  in  longitudinal  section.  /,  young  embryo  still  within  the  archegonial  venter.  //,  older  embryo ; 
the  endothecium  is  shaded ;  the  foot,  F^  has  boredinto  tne  stalk  of  the  archegonium ;  .S",  stalk  of  the  sporogonium. 
/7/,  still  older  embryo ;  a.  amphithecium  divided  by  peridinal  walls.  /K,  sporogonium  showing  the  sporocytes  in 
great  part  separate  around  the  columella.  In  most  of  the  sporocytes  the  contents  are  indicated,  in  others  they 
are  absent,  having  fallen  out  in  process  of  sectioning.    All  magnined;  /  the  most  highly  magnifiea. 


a  periclinal  wall  (Fig.  122,  i),  and  thus  we  have  four  inner  cells  which  may  be  called 
the  endothecium,  and  a  number  of  outer  ones  which  may  be  called  the  amphithecium 
(Fig.  120,  //,  III).  A  primitive  sporogonium  would  be  one  in  which  the  amphithe- 
cium formed  the  wall  of  the  sporogonium,  whilst  the  endothecium  gave  rise  to  the 
spores.  As  a  fact  there  are  differences  in  the  cell-contents  between  these  layers  in 
Nanomitrium,  and  the  endothecium  is  much  more  rich  in  protoplasm.  In  Archidium 
the  whole  endothecium  is  an  archesporium,  but  all  its  cells  are  not  fertile ;  only  a  few, 
one  to  seven,  become  sporocytes ;  the  others  are  nutritive  cells  ^  as  in  Riella.  In  the 
other  Musci  we  always  have  an  archesporium  in  the  form  oi  one  cell-layer  (Fig.  122, 2). 


'  Nothiog  U  known  regarding  the  nature  of  their  contents, 
water,'  so  that  possibly  there  is  water-storage. 


Leitgeb  speaks  of  them  as  '  clear  as 
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121.      B, 

em,\n 


In  Andreaea  and  Sphagnum  this  is  dome-shaped  (Fig.  121,  (7,  spo)-,  in  the  others  it 

is  pierced  both  above  and 
below  by  sterile  tissue,  and 
thus    has    the  form  of  a 
barrel  open  at  both  ends. 
The  sterile  tissue  is  very 
early  laid  down,  and  it  is 
the  columella.     In  Sphag- 
num    the     archesporium 
arises  out   of  the  amphi- 
thecium,  the  endothecium 
forms  the  columella  alone. 
In  all  other  Musci  the  en- 
dothecium divides  by  peri- 
clinal  walls  into  an  outer 
cell-layer,    the   archespor- 
ium, and  a  central  sterile 
part,  the  columella.     Both 
undergo  further  divisions ; 
in  the  archesporium  spo- 
rocytes  are  produced  (Fig. 
120,   IV),     The    amphi- 
thecium    undergoes    cell- 
division  by  which  it  be- 
comes many-layered  even 
before  the  appearance  of 
the  archesporium.     There 
is  produced  within  the  amphi- 
thecium  an  intercellular  space 
which     separates     an    outer 
many-layered    capsular    wall 
from    two     cell-layers     lying 
against    and     enclosing    the 
archesporium    (Fig.    122,  3). 
These  two  cell-layers  are  termed 
the  outer  spore-sac.  The  outer- 
most cell-layer  of  the  columella 
abutting  against  the  inside  of 
the  archesporium  is  the  inner 
spore-sac.      These    cell-layers 
limiting  the  archesporium  on 
the  outer  and  the  inner  sides 
are  distinguished  by  the  rich- 
ness of  their  cell-content,  and 
it  is  clear  that  their  function 
■tome  arises.  -  -         jg  |.q  provide  nourishment  to 


\  C,  £*,  F^  Sphagnnm  acutifolinm.  B^  archegonium  with 
longritudinal  section ;  the  representaticMi  of  the  arrangement 
cHs  in  the  embryo  is  incorrect.  C,  young  sporogoniom  in  longitudinal 
lion  ;  ah ,  neck  of  arch^onium :  ca,  calyptra ;  jf,  capsule ;  j/?,  spore- 
with  spores ;  o?,  columella ;  spf,  foot  of  tnr   


Fig. 
embryo, 
of  cells  ii 
section  ;  oA ,  neck  of  arch^onium :  ca,  calyptra ,  /r,  v^a^suic ,  «fr 

I  spores ;  a?,  columella ;  spf,  foot  of  the  sporogonium ;  ps,p9t\ 
podium.    £,  opened  antheridinm  with  escaping  spermatosoids.    ^sii 
spermatozoid.  Z7,  Sphagnum  sqnarrosum ;  mature  sporogonium.  ps,  pseudo* 
podium;  ca,  calyptra;   >,  capsule;  </,  operculum.    AU  magnified.    After 
W.  P.  Schimper.    Lehrb. 


:udo- 
single 


Slightly  diagrammatic  represen- 


FiG.  12a.    Fnnariali^ 
tation  of  embryos  of  different  age  i  .  .       „ 

embryo  ;  E^  endothecium ;  A,  amphithecium.    a,  older  embiyo;  arche- 
sporium shaded.   ^,  still  older  emoryo;  ar^  archesporium  ;  t\  intercel- 


lifferent  age  in  transverse  section,    i,  young 
lum ;  ^,  amphithecium.    a,  olderembr 
.    3.  t 
Inlar  spaces  in  the  amphithecium ; 


A  the  cell-layers  formed  by  the 
layer  in  the  amphitnecium  and  which  nourish  the 
archesporium,  and  out  of  which,  at  the  top  of  the  capsule,  the  peri- 
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the  archesporium  and  its  sporocytes.  The  construction  of  a  copious  sterile  tissue 
— columella,  wall-layer,  and  others — in  the  capsule,  is  evidently  connected  with 
the  formation  of  the  spores.  In  small  capsules  which  form  few  spores  there  are  few 
sterile  cells.  There  is  but  a  small  demand  for  nutrition  made  by  the  fertile  cells, 
and  we  find  in  ripe  sporogonia,  like  those  of  Nanomitrium  (Fig.  123)  and  Ephe- 
merum,  almost  none  left  over.  The  cells  of  the  columella  serve  only  as  nutritive 
cells,  and  before  the  spores  are  ripe  they  become  used  up.  Ephemerum  and 
Nanomitrium  were  regarded  formerly,  indeed  up  to  quite  recent  times,  as  having 
no  columella.  Its  existence  in  Ephemerum  was  pointed  out  long  ago  by  J.  N.  C. 
Miiller,  and  more  recent  investigations  have  shown  me  that  it  is  present  also  in 
Nanomitrium,  but  in  a  very  slightly  developed  condition.  The  more  spores  there 
are  formed  the  larger  is  the  columella. 
It  serves  as  a  reservoir  of  water  and  of 
food-material  for  the  fertile  cells,  and 
it  is  commonly  rich  in  starch. 

In  speaking  further  of  the 
phenomena  of  life  of  the  sporogo- 
nium,  we  must,  first  of  all,  notice 
its  nutrition  and  then  the  manner 
in  which  the  spores  are  scattered. 

2.  RELATIONSHIPS  OF  NU- 
TRITION OF  THE  SPORO- 
GONIUM, 

The  whole    embryo    of   the 

moss  is,  in  its  earliest  stages  of 

development,  a  parasite  upon  the 

moss-plant.    The  lower,  sometimes 

swollen,  portion — the  foot — serves 

as  a  haustorium,  and  is  therefore  in 

many  cases,  for  example  in  Diphy- 

scium  ^  and  Buxbaumia,  provided 

with    special  tubular  outgrowths 

which  are  chambered  by  cross-walls  and  may  be  so  far  branched  that  they 

are  like  rhizoids.     With  regard  to  the  absorption  of  water  the  sporogonium 

in  most  Musci  depends  permanently  upon  the  mother-plant  ^,  yet  there  are 

forms  like  Eriopus  remotifolius  which  are  able  to  take  up  water  through  the 

abundant  hair-like  outgrowths  of  the  stalk  of  the  sporogonium. 

Booting  by  rhizoids.     Eriopus  is  also  distinguished   by   this   other 

*  Goebel,  Archegooiatenstndien :  I.  Die  einfachste  Form  der  Moose,  in  Flora,  Ixxvi  (Ergan- 
znngsband  zum  Jahrgang  189a),  p.  103. 

'  There  is  frequently  in  the  seta  a  ventral  strand  of  thin-walled  tissue  wanting  protoplasm,  the 
Uptoxylem  of  Vaizey,  and  it  is  the  conducting  channel ;  see  Vaizey,  The  Transpiration  of  the 
Sporophore  of  the  Musd,  in  Annals  of  Botany,  i  (1887),  p.  73 ;  id.  On  the  Anatomy  and  Develop- 
ment of  the  Sporogonium  of  the  Mosses,  in  Journal  of  the  Linnean  Society,  Botany,  xxiv  (1888). 


Fig.  133.  Nanomitriam  tenerura.  Almost  ripe  sporo- 
gonium in  transverse  section  ;  A^  annolus.  The  spores  are 
still  in  tetrads.  The  cells  of  the  amphithecium  have  almost 
all  disappeared  excepting  the  wall-layer.  The  columella 
has  entirely  disappeared.    Magnified  120. 
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peculiarity,  its  sporogonium  possesses  rhizoids — the  only  example  I  know 
of  a  sporogonium  rooting  by  rhizoids.  The  rhizoids  are  developed  at  the 
point  where  the  sporogonium  sits  within  the  ruffle-like  vaginula.  They 
arise  by  the  outgrowth  of  superficial  cells  and  are  cell- 
rows  with  partly  oblique,  partly  transverse  walls.  They 
form  a  dense  weft,  and  also  in  part  grow  downwards 
upon  the  outside  of  the  vaginula.  Rhizoids  also  force 
themselves  into  the  vaginula  from  above,  and  they  lay 
themselves  upon  the  foot  of  the  sporogonium,  which  is 
composed  of  large  cells  rich  in  cell-contents.  Whether 
they  also  force  themselves  between  these  cells  of  the 
foot,  I  have  been  unable  to  determine  from  the  small 
amount  of  material  available  for  investigation.  One  might 
make  these  features  in  Eriopus  the  foundation  of  the 
most  daring  phyletic  speculation.  Such  a  rooting  sporo- 
gonium requires  only  to  grow  out  further  at  its  apex 
and  to  branch  and  so  forth  in  order  to  approach  the 
behaviour  of  the  sporophyte  of  the  Pteridophyta.  In 
my  opinion  such  a  conclusion  would  be  absurd.  We 
have  here  only  what  is  indeed  a  remarkable  adaptation, 
and  it  no  doubt  stands  in  connexion  with  the  fact  that  at 
the  point  of  junction  of  foot  and  seta  of  the  sporo- 
gonium the  cells  become  brown  at  a  very  early  period 
and,  as  it  appears,  die  off.  By  this  the  conduction  of 
food-material  is  made  difficult  or  interrupted.  This 
interruption  in  the  supply  will  be  overcome  by  the 
development  of  rhizoids  in  the  directions  described ; 
those  to  the  outside  will  take  up  water,  and  those  to 
the  inside  will  lay  claim  to  the  material  contained  in 
the  foot. 

Assimilation.  The  Apophysis.  With  regard  to 
the  nutrition  of  the  sporogonium  in  other  forms  it  has 
been  definitely  proved  within  recent  times,  especially 
by  Haberlandt  ^that  the  sporogonia  of  many  Musci  are 
capable  of  independent  assimilation.  They  are  possessed 
of  an  assimilating  chlorenchyma  which  is  developed 
in  very  unequal  quantity  in  the  different  forms,  but 
in  some  cases  approaches  palisade-parenchyma.  In  a  sporogonium  organ- 
ized so  simply  as  that  of  Nanomitrium,  the  assimilation  by  the  chloro- 
phyllous  wall-layer  of  the  sporogonium  can  only  be  slight,  and  the  same 
must  be  the  case  in  other  Musci,  like  Eriopus,  with  little  capsules.     But 


rh 


Fig.  124.  Poljrtrichum 
commune.  rk,  a  small 
portion  of  the  part  of  the 
stem  bearing  rhizoids;  j, 
seta:  c,  calyptra;  a/, 
apophysis ;  d^  operculum. 
Natural  si 


^txr 


^  Haberlandt,  Physiologische  Pflanzenanatomie,  Ed.  2,  Leipzig,  1896. 
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in  others  the  assimilating  tissue  is  present,  partly  in  the  wall  of  the 
capsule,  partly  in  that  portion  of  the  sporogonium  which  lies  below  the 
capsule  and  at  the  top  of  the  stalk,  and  is  known  as  the  apophysis  ^.  Upon 
this  apophysis  in  many  Musci  there  are  stomata  of  quite  the  same  structure 
as  those  of  the  higher  plants  2,  and  they  place  the  numerous  intercellular 
spaces  of  the  tissue  in  communication  ^ith  the  outer  air,  and  so  make 
possible  an  exchange  of  gases  and  transpiration.  Their  different  method  of 
formation  need  not  be  dwelt  on  here.  It  may  only  be  mentioned  that  they 
are  rudimentary  in  Sphagnum,  which  shows  that  Sphagnum  is  derived  from 
a  form  whose  sporogonium  projected  out  of  the  arch^onial  venter  and 
displayed  an  assimilation-capacity 
like  the  sporogonia  of  the  ma- 
jority of  other  Musci,  and  that  in 
this  it  was  much  nearer  these  other 
Musci  than  is  the  genus  at  the 
present  time.  Sphagnum,  indeed, 
is  evidently  not  a  primitive  but  a 
greatly  altered  form,  as  we  have 
already  learned  when  considering 
its  germination,  and  as  the  be- 
haviour of  its  antheridia,  if  we 
accept  the  statement  of  Leitgeb, 
confirms.  However  this  may  be, 
at  any  rate  it  is  remarkable  that 
in  the  Bryophyta  the  formation  of 
stomata  repeatedly  appears,  as  for 
example  in  Anthoceros  and  in  the 
different  series  of  the  Musci,  and 
they  in  every  way  correspond  with 
the  stomata  of  the  Spermophyta. 

The  development  of  the  apo- 
physis in  many  species  of  Splachnum  is  remarkable,  especially  in  S.  rubrum 
and  S.  luteum  ^  (Fig.  1 25,  /,  //),  in  which  the  apophysis  grows  out  into  an 
umbrella-like  fringe  which  in  its  structure  resembles  a  dorsiventral  leaf,  and 
possesses  stomata  only  upon  the  upper  side.  The  apophysis  also  takes  a 
share  indirectly  in  the  scattering  of  the  spores  as  we  shall  see  later.  Other 
Splachnaceae  also  have  the  tendency  to  develop  large  apophyses — a  character 
which  has  resulted  in  the  most  remarkable  constructions. 


Pig.  135.  Splachnum  lateam.  7,  r,  capsnle  open  ;  A^ 
apophysis.  //T  unopened  capsule  in  longritudinal  section ; 
iS,  seta  :  Lx^  leptoxylem ;  sp^  stomata  on  apophysis  :  cly 
columella ;  p^  peristome ;  As^  arcbesporium ;  f^ intercellular 
space.  II/aLBd  IV^  diagrams  to  illustrate  the  opening  of 
the  capsule  in  Splachnum  ;  aa.  peristome,  incur\'ed  in  IIL 
recurved  in  IV i  ^.terminal  disk  of  columella.  /,  magniBea 
After  Hedwi?.  7/ magnified.  After  Vaizcy.  I/Iund 
Lgnified.    After  Bryhn. 


3- 


'  I  agree  with  Haberlandt  in  reckoniDg  the  apophysis  as  a  portion  of  the  seta,  not  of  the  capsule. 

'  See  also  Vuillemin,  Sur  les  homologies  des  Mousses,  Bulletin  de  la  Sod^td  des  sciences  de  Nancy, 
six  (i886) ;  Bunger,  Beitrage  zuf  Anatomie  der  Laubmooskapsel,  in  Botanisches  Centralblatt,  xlii 
(1890). 

*  See  Vaizey,  On  the  Morphology  of  the  Sporophyte  of  Splachnum  luteum,  in  Annals  of  Botany, 
T  (1890-1),  p.  I. 
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3.    ARRANGEMENTS  FOR  THE  SHEDDING  OF  THE  SPORES'. 

The  whole  configuration  of  the  sporogonium  has  as  its  aim  formation 
of  spores  and  then  distribution  of  spores.  It  has  been  already  shown  that 
the  most  simple  constructions  of  the  sporogonium  are  found  where  few  and 
relatively  large  spores  are  contafeed  in  the  sporogonium.  Where  many 
spores  are  formed  there  are  often  complex  arrangements  which  have  as 
their  object  the  gradual  discharge  of  the  spores. 

Cleistocarpous  Forms.    In  most  Phascaceae  arrangements  for  distri- 
bution of  spores  are  not  present.   The  sporogonium  is  cleistocarpous :  it  does 
not   open ;    it  rots  * ;    as  we  see   in  the  sporogonia   of 
J!  Ephemerum  and  others  it  can  easily  be  broken  off  and 

/^\"'  carried  away  as  a  whole  by  rain.     Whether  the  bright  red 

^*^  colouring  of  the  sporogonium  of  E.  serratum  has  anything 

to  do  with  attraction  to  animals  requires  investigation. 
It  is  remarkable  that  we  have  in  Nanomitrium  amongst 
the  Phascaceae,  a  genus  whose  sporogonium  opens  by  a 
lid  and  where  there  is  an  annulus,  although  indeed  only 
a  rudimentary  one  (Fig.  123,  A).  This  shows  us  that  a 
sharp  distinction  between  cleistocarpous  and  stegocarpous 
Musci  cannot  be  made.  The  majority  of  the  Musci  are 
stegocarpous. 

SCHIZOCARPOUS  Forms.  Andreaea,  however,  is  an 
exception,  and  its  sporogonia  are  schizocarpous  for  no  lid 
is  produced,  but  four  to  six  lines  of  dehiscence  are  laid 
down  in  the  middle  portion  of  the  wall  of  the  sporogonium 
and  there  it  opens  in  dry  air  when  mature  (Fig.  126) ; 
if  the  capsule  is  moistened  the  valves  close  the  slits.  As 
the  mass  of  spores  in  the  capsule  is  moist  it  is  glued  to  the 
valves  and  the  spores  as  they  dry  are  then  gradually  re- 
moved in  clusters  by  currents  of  air. 

Stegocarpous  Forms.  In  the  stegocarpous  Musci 
the  upper  part  of  the  capsule  falls  away  as  a  lid.  The  line  of  separation  is 
characteristically  constructed.  The  processes  which  condition  the  separation 
have  not  been  investigated  from  all  sides,  and  they  are  somewhat  different  in 
the  several  groups  ^.  In  most  cases  there  is  an  annulus^  that  is  to  say,  a  ring 
of  one  or  more  cell-layers  lying  over  one  another  and  distinguished  by  their 

^  See  Goebel,  Archegoniatenstndien :  VII.  tjber  die  Sporenansstreuiing  bei  den  Laubmoosen,  in 
Flora,  Ixxx  (1895),  p.  459. 

'  Regarding  Phascum  subnlatnm  and  Physcomitrella  patens,  see  Goebel,  op.  cit.,  p.  464.  The 
division  of  the  Musci  into  cleistocarpons  and  stegocarpous  groups  is  entirely  artificial.  Cleistocarpous 
forms  appear  in  different  cycles  of  affinity. 

*  See  Dihm,  Untersuchnngen  uber  den  Annulus  der  Laubmoose,  in  Flora,  Ixxix  (Erganzungs- 
band  zum  Jahrgang  1894),  p.  a86. 


FlO.  136.  Andreaea 
petrophila.  ps^  pseudo- 
podium;  spf^^  foot  of 
the  sporogonium ;  ky 
capsule  openinr  by 
four  slits;  c,  calyptra. 
Magnified  la.  Lenrb. 
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mucilaginous  contents  (Fig.  128).  The  mucilage  acts  as  a  store  of  water, 
and  brings  it  about  that  the  cells  of  the  annulus,  as  they  dry,  crumple  up  less 
than  the  other  parts  of  the  capsule,  and  in  this  way  tensions  arise  which  result 
in  the  splitting  of  the  wall  of  the  capsule.  The  function  of  the  annulus  ends 
with  this  in  many  Musci.  In  the  species  of  Hypnum  it  remains  in  connexion 
with  the  open  capsule,  or  falls  off  in  small  pieces  ;  but  in  other  Musci  it  rolls 
itself  off  in  one  piece  through  the  change  in  volume  which  its  cells  holding 
mucilage  experience  in  their  swelling  in  consequence  of  the  moisture  which 
has  penetrated  through  the  opening  into  the  wall  of  the  capsule.  With  refer- 
ence to  the  many  details,  especially  the 
remarkable  behaviour  of  Tetraphis, 
Buxbaumia,  and  others,  I  must  refer 
to  the  special  treatises  which  are  cited 
in  the  notes. 

The  arrangements  for  shedding  of 
spores,  as  they  are  met  with  in  the  stego- 
carpous  Musci,  are  also  multifarious. 
First  of  all  let  it  be  noted  that  the  cap- 
sule is  usually  raised  up  above  the  stem 
by  means  of  the  stalk  or  seta,  or  it 
may  be  by  the  formation  of  a  pseudo- 
podiunty  as  in  Sphagnum  (Fig.  121,  i?) 
and  Andreaea  (Fig.  126),  that  is  to  say, 
by  a  stalk-like  elongation  of  the  axis 
of  the  shoot  immediately  beneath  the 
archegonium  in  which  fertilization  has 
been  effected.  In  Musci  which  live  on 
the  stems  of  trees  or  on  bare  rocks,  the 
seta  is  usually  very  short ;  they  are  ex- 
posed to  relatively  strong  currents  of  air. 

The  character  of  the  mouth  of  the 
capsule  is  of  special  significance  in  re- 
gard to  the  shedding  of  spores,  whether 
it  possesses  a/^rif/^w^  (Fig.  127)  or  not. 
A  great  portion  of  the  aperistomous 
Musci  was  formerly  grouped  together  in  a  special  genus,  Gymnostomum,  but 
it  was  subsequently  recognized  that  forms  without  a  peristome  were  found 
in  the  most  different  cycles  of  affinity.  In  the  most  of  them  we  can  scarcely 
express  an  opinion  as  to  whether  this  want  of  peristome  is  a  primary  or 
a  reduced  character,  and  the  phylogeny  of  the  peristome  of  Musci  is  one  of 
the  most  obscure  parts  of  the  natural  history  of  the  group  ^.   We  may  regard 

'  Phillibert,  Etudes  snr  le  peristome  des  Monises,  in  Reirue  bryologique,  1884, 1890,  does  not  clear 
up  the  question. 

COEBEL    II  ]^ 


Fig.  137.  Mninm  honrnm,  A^  plant  with  yonng 
sporogfoniam  still  bearing  its  calyptra,  c  B^  plant 
with  npe  sporogoniam;  rhj  rhizoids;  s^  seta;  k^ 
capsale ;  </,  opercolaro.  C,  npe  capsule  with  optfco- 
lum,  </,  renwred  ;  /.peristome.  Z7,  two  teeth  of  the 
outer  peristome.  Js^  portion  of  the  inner  peristome 
with  teeth  and  fine  scattering  threads.  A^  B.  natural 
size ;  C,  magnified  3  ;  D,  ^5;  magnified  58.    Lehrb. 
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the  want  of  a  peristome  in  Nanomitrium,  for  example,  as  primary,  but  it 
may  be  a  reduction  in  Orthotrichum  gymnostomum,  as  its  allied  species 
are  all  provided  with  a  peristome,  and  even  in  this  species  itself  a  rudimentary 
peristome  exists^.  The  want  of  a  peristome  can  be  easily  explained 
biologically.  It  is  absent  mostly  in  small  capsules  with  narrow  mouth,  for 
example  Schistostega,  Hymenostomum,  Pottia,  and  the  spores  are  held 
together  in  one  mass  by  means  of  thickenings  of  the  spore-wall,  so  that 
they  are  only  gradually  thrown  out. 

An  isolated  case  ^,  so  far  as  we  know,  is  found  in  the  distribution  of  the 
spores  in  Sphagnum'.     When  the  ripe  capsules  of  Sphagnum  dry  they 

explode  with  an  audible  sound,  as  indeed  Bridel 
knew,  and  the  cap  and  the  spores  are  abjected 
for  a  considerable  distance,  as  much  as  ten  cen- 
timeters. This  takes  place  on  sunny  days,  and 
as  the  sim  dries  the  capsule  the  columella  is 
dried  up  and  is  replaced  by  air.  In  the  process 
of  drying  the  longitudinal  diameter  of  the 
capsule  is  not  changed,  but  the  transverse 
diameter  is  considerably  shortened,  and  thus 
the  previously  nearly  spherical  form  of  the 
capsule  becomes  more  cylindric,  and  the  air 
in  the  capsule  imdemeath  the  spore-mass  is 
consequently  compressed  The  lid  of  firmer 
texture  does  not  shrink,  or  shrinks  less  than 
the  capsule.  In  this  way  a  difference  in  tension 
arises,  which  brings  it  about  that  the  lid,  at  the 
position  of  the  annulus,  is  broken  off  from  the 
capsule  and,  tc^ether  with  the  spores,  is  shot 
out  by  the  compressed  air  like  a  bullet  from 
an  air-gun.  The  discharge  of  spores  takes 
place  here  once  and  for  all,  and  with  con- 
siderable force,  which  makes  perfectly  certain 
the  scatterii^  of  the  spores — not  in  moist 
weather,  however,  because  that  hinders  the  drying  of  the  capsule. 

Where  a  peristome  exists  it  prevents  the  entrance  of  moisture  into  the 
capsule,  and  it  takes  a  share  in  the  distribution  of  the  spores.  It  arises 
always  out  of  the  amphithecium  and  consists,  except  in  Tetraphis  and  the 
Polytrichaceae,  always  of  fragments  of  cell-membrane,  that  is  to  say,  the 

^  See  Goebel,  Archegoniatenttiidien :  VII.  Uber  die  Sporenaasstrenimg  bei  den  Laubmoosen,  in 
Flora,  bcxx  (1895),  p.  47a. 

'  With  regaid  to  Phascnm  ephemeroldes,  see  Hedwig,  Descriptio  et  adnmbxatio  microscopico- 
analytica  mnscorum  frondosorum,  Lipsiae,  1 787. 

'  See  Nawaschin,  t)ber  die  Sporenansscbleudening  bei  den  Torfmoosen,  in  Flora,  Ixxxiii  (1897), 
p.  151. 


4-d;g 


PlO.  12%,  Mnhim  honram.  Poftion 
of  wall  of  oapsule  ia  the  region  of  the 
annolaa,  in  transverae  section ;  a,  maci- 
lage-cells  of  the  annnlns ;  i,  d,  3.  4,  mo 
ceasive  ceU«layera  of  the  amphitheciiun  ; 
^,^'^'\partud  wall-thickeningB  of  teeth 
of  oater  peristome;  ^  inner  peristome 
appeariatc  as  a  maiabraae  at  ita  base. 
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thickened  portions  of  the  cell-membranes  left  after  the  thinner  portions  are 
destroyed.  There  are  different  types,  of  which  the  chief,  from  the  biolo- 
gical standpoint,  are  mentioned  here.  It  must  be  remembered,  however, 
that  the  several  groups  are  not  sharply  separated  one  from  the  other: — 

{A)  THE  PERISTOME  ALONE  TAKES  A  PART  IN  THE  SHEDDING 

OF  THE  SPORES. 

I.  The  Peristome  serves  only  as  a  Hvgroscopic  Lid  to 

THE  Capsule. 

Tyi>e  of  Weissia.  The  teeth  of  the  peristome,  when  moistened,  bend  over 
the  mouth  of  the  capsule  and  close  it ;  when  dry,  they  are  bent  backwards.  The 
peristome  is  a  simple  one. 

Barbula.  In  Barbula  there  is  a  slight  modification  of  this  type.  The 
thirty-two  teeth  of  the  peristome  are  spindly  twisted,  and  they  fit  closely  to  one 
another,  and  in  many  species,  for  example  Barbula  subulata,  are  united  below 
by  a  membrane.  As  they  dry  the  teeth  twist  into  a  brush;  at  the  base  they 
separate  from  one  another,  and  there  allow  the  exit  of  the  spores. 

Triohostommn.  In  the  allied  genus  Trichostomum  the  hair-like  teeth  form 
a  sieve  which  only  allows  of  a  gradual  exit  of  the  spores.  This  is  a  connecting 
link  with  the  next 

IL  The  Peristome  secures  besides  the  gradual  discharge 

OF  the  Spores. 

I.  Peristome  Single. 

{a)   Trellis-work  of  Long  Teeth, 

Dioranaceae,  Fissidentaceae,  Ceratodon*     There  is  a  development  of 

long  teeth  which,  in  the  dry  state,  remain  bent  over  the  mouth  of  the  capsule, 

and  so  form  a  trellis-work.    We  find  this  in  a  number  of  Dicranaceae  and  Fissi- 

dentaceae,  and  in  some  the  long  teeth  serve  for  the  abjection  of  the  spores; 

according  to  Steinbrinck  this  is  also  the  case  in  Ceratodon  purpureus.    The  teeth 

curve  inwards  when  dry ;  the  spores  readily  stick  to  the  processes  of  the  teeth  as 

they  primarily  form  one  moist  mass,  and  they  are  then  easily  thrown  outwards 

as  the  teeth  curve  outwards. 

(p)  Permanent  Union  of  Teeth  at  the  Tip. 
Type  of  Conostomnm.  In  Conostomum  the  teeth  form  a  cone  which  has 
sixteen  long  splits ;  moistened,  these  close ;  in  dry  air  they  open.  I  have  often 
asked  myself  whether  an  arrangement  of  this  kind,  that  is  to  say  a  membrane 
provided  with  holes,  might  not  be  a  more  primitive  type  of  the  peristome  than 
that  in  which  there  are  single  teeth  to  the  peristome.  It  occurs  in  different  series 
of  Musci. 

2.  Peristome  Double.    In  this  Case  the  Inner  is  usually 
NOT  Hygroscopic. 
{a)  The  Inner  Peristome  narrows  the  Capsule-mouth;  the  Outer  is  only  a  Lid, 
Orthotriohom.    The  inner  teeth  bend  in  dry  air  over  the  mouth  of  the 
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capsule;  the  outer  bend  backwards i.  In  Orthotrichum  callistomum  the  teeth 
of  the  peristome  hang  together  in  the  centre,  and  there  is  formed  a  caster. 

Fontinalis  and  Cinolidiuxn.  A  caster  i^  also  produced  in  Fontinalis,  where 
the  inner  peristome  makes  a  delicate  trellis-woHc:  also  in  Cklclidium,  where  it 
appears  as  a  dome  with  sixteen  holes  at  its  base,  wbk4)are  clospd  In  moist  air  by 
the  teeth  of  the  outer  peristome.  "^ 

Fonaria.  The  teeth  of  the  outer  peristome  in  Funaria  converge  together 
at  the  tip,  and  they  form  a  sieve  there.  The  teeth  of  the  inner  peristome  bend  so 
that  they  narrow  the  position  where  the  slits  between  the  teeth  of  the  outer  peri- 
stome are  the  widest.  In  moist  air  the  slits,  through  movement  of  the  teeth 
of  the  outer  peristome,  are  completely  closed. 

Tjn?©  of  BtLxbaumia.  The  inner  peristome  is  a  funnel,  composed  of  a 
folded  membrane,  and  with  a  narrow  mouth.  This  alone  exists  in  Diphyscium 
and  Buxbaumia  aphylla.     In  Buxbaumia  indusiata  there  are  traces  of  an  outer 


Fig.  lap.    BaxtMimnia  indusiata.     Not  quite  mature  peristome  in  transverse  sectioo ;  /%,  peristoroe-membrane  ; 

Pctj  outer  peristome-teeth. 

peristome  (Fig.  129)  in  the  form  of  small  teeth  whose  function  is  unknown.  The 
folded  peristome  of  the  Buxbaumiaceae  arises  through  a  special  process  of 
division  in  a  ring-like  cell-layer^  which  we  must  regard  as  the  original  position 
of  the  peristome.  Probably  in  all  Musci  the  origin  of  the  peristome  may  be 
traced  back  to  the  innermost  cell-layer  of  the  amphithecium,  which  layer,  however, 
may  itself  undergo  divisions,  as  in  the  Buxbaumiaceae  and  Polytrichaceae.  There 
would  be  then,  if  this  were  general,  a  certain  analogy  with  the  archesporium,  which 
also  is  laid  down  in  all  Musci  as  one  cell-layer.  This  point  requires  further 
investigation.  At  any  rate  the  difference  in  the  formation  of  the  peristome  within 
the  genus  Buxbaumia  shows  us  again,  what  has  been  already  suggested  upon 
other  grounds,  that  it  is  a  very  old  type.  The  funnel  of  the  peristome  brings  it 
about  naturally  that  the  spores  only  gradually  escape,  and  they  would  be  readily 


'  With  regard  to  abnormal  species  of  Orthotricham,  see  p.  162. 
'  It  is  indicated  in  Fig.  129  by  the  bracket. 
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washed  away  if  a  rain-drop  should  fall  on  the  upper  surface  of  the  dorsiventral 
capsule  f  Diphyscium*.  The  separation  of  the  thickened  outer  membranous 
layers  in  Buxbaumia  indusiata,  which  have  given  it  its  name,  may  possibly  pro- 
vide parachutes. 

{d)   The  Inner  Peristome  serves  also  for  the  Abjection  of  the  Spores, 

This  is  observed  in  a  number  of  Bryaceae,  H3n;>naoeae,  and  Mniaoeae 
(Fig.  127).  The  mouth  of  the  capsule  is  here  mostly  directed  downwards ;  the  spores 
reach  the  funnel  of  the  peristome,  but  do  not  fall  directly  out  of  it ;  they  are  thrown 
out  only  by  the  threads  of  the  inner  peristome. 

(B)  THE  COLUMELLA  ALSO  SHARES  IN  THE  SHEDDING 
OF  THE  SPORES. 

Type  of  Pottia  tmnoata.  This  arrangement  is  found  in  many  forms  without 
a  peristome,  like  Pottia  truncata,  in  which  the  columella  narrows  the  capsule- 
mouth  and  so  prolongs  the  shedding  of  the  spores. 

Splaohnaceae.  The  same  arrangement  occurs  also  in  the  species  of  Splach- 
num'^  (Fig.  125,  ///and  IV),  The  columella  in  Splachnum  has  a  disk-like  expan- 
sion at  the  top.  When  the  capsule  shrinks  the  peristome  curves  outwards  and 
downwards,  the  disk  of  the  columella  is  projected  beyond  the  mouth  of  the  capsule, 
and  at  the  same  time  the  axis  of  the  columella  elongates,  according  to  Bryhn, 
and  this  aids  in  pressing  out  the  spores,  which  are  here,  as  in  many  other  mosses 
aggregated  at  first  in  a  sticky  mass.  In  moist  air  the  capsule  elongates  again', 
and  the  peristome  closes  over  it  It  is  now  remarkable  that  the  spores  in 
Splachnum,  according  to  Bryhn's  observations,  are  spread  by  flies,  which  are 
attracted  probably  by  the  brilliant  colour  which  distinguishes  the  apophysis,  as 
the  specific  nomenclature  in  the  genus  indicates,  for  example  in  S.  luteum  and 
S.  rubrum.  We  have  in  the  visits  of  these  insects  an  explanation  of  the  peculiar 
habitats  of  the  Splachnaceae — excrement  and  remains  of  animals.  These  stations 
are,  as  is  known,  visited  by  flies  for  oviposition,  and  they  deposit  at  the  same  time 
the  spores  of  the  Splachnaceae.  This  is,  so  far  as  I  know,  the  only  case  which 
has  been  established  of  spore-distribution  by  animals  in  the  Musci,  but  it  is 
probable  that  there  are  other  cases. 

Type  of  Tetraphis.  The  ripe  capsules  of  Tetraphis  pellucida  and  allied 
forms  have  a  peristome  of  four  teeth  which  have  between  them  in  dry  air  only 
relatively  small  slits.  In  moist  air  these  slits  are  closed.  The  teeth  are  not 
portions  of  cell-membrane,  but  the  whole  upper  part  of  the  capsule,  excepting 
the  lid,  splits  into  four  pieces,  and  the  columella  therefore  shares  in  the  formation 

'  See  Goebel,  tJber  Sporenverbreitiing  dnrch  Regentropfen,  in  Flora,  Ixxzii  (1896),  p.  480. 

*  See  Goebel,  Arch^oniatenstndien :  VII.  Vber  die  Sporenansstreanng  bei  den  Lanbmoosen,  in 
Flora,  Uxx  (1895),  p.  481,  where  I  glTe  an  account  of  the  behavioor  of  Splachnum  based  npon  my 
examination  of  dried  material  Bryhn  (Beobachtnngen  iiber  das  Ansstrenen  der  Sporen  bei  den 
Splachnaceen,  in  Biologisches  Centndblatt,  1897,  p.  48)  confirms  in  essentials  my  observations;  he 
was  evidently  unaware  of  my  previous  publication. 

'  The  change  of  volume  in  the  wall  of  the  capsule  is  of  importance  in  connexion  with  the  shed- 
ding of  the  sporesy  and  this  requires  further  investigation. 
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of  the  peristome.  But  one  finds  here  also  ^  the  characteristically  thickened  cell- 
layer,  which  elsewhere  is  alone  used  for  the  formation  of  the  peristome,  and  it  is. 
as  usual  the  innermost  cell-layer  of  the  amphithecium. 

Type  of  Polytriohaceae.  In  all  the  Polytrichaceae  the  teeth  of  the  peri- 
stome are  formed  out  of 
entire  dead  cells,  as  has  been 
mentioned  above '.  These 
cells  arise  from  the  mother- 
cells  of  the  peristome  by 
cell-division,  which  proceeds 
further  than  it  does  in  the 
Buxbaumiaceae. 

In  Dawsonia,  a  genus 
very  near  Polytrichum  in  its 
vegetative  characters,  the 
peristome  is  a  long  brush 
of  numerous  bristles.  These 
bristles  are  segmented  by 
cross-walls,  which  are  usually 
oblique.  I  had  recently 
opportunity  in  Australia  to 
examine  two  species  of  Daw- 
sonia, the  beautiful  large 
Dawsonia  superba  and  the 
smaller  Dawsonia  polytri- 
choides,  and  will  here '  only 
note  the  following  : — The 
capsule  is  in  both  dorsiven- 
tral,  as  it  is  in  Diphyscium. 
It  possesses  a  flat  side  and 
a  bulged  side.  It  originally 
stands  erect ;  then  it  bends 
so  as  to  approach  nearly 
the  horizontal.  The  spores 
may  become  discharged  by 
the  same  parachute-arrange- 
ment as  occurs  in  Diphys- 
cium, each  shaking  sufficing 
to  bring  out  the  spores 
through  the  slits  of  the 
pencil-like  peristome.    The  spores  are  very  small,  and  with  this  the  construction 


PlO.  lya.  Dawsonia  saperba.  /,  portJon  of  the  peripheral  region 
of  the  upper  part  of  the  capsule  in  transverse  section ;  IV^  walMayer ; 
P,  peristome ;  C^,  columella.  //,  outline  of  whole  capmle  in  transverse 
section,  lettering  as  in  /.    //  less  highly  magnified  than  /. 


*  Goebel,  Archegoniatenstudien :  VII.  Uber  die  Sporenansstrennng  bei  den  Lanbmooien,  in  Flora, 
Ixxx  (1895),  p.  48a.  •  See  p.  162. 

'  With  reference  to  the  details  I  most  refer  to  a  communication  which  will  soon  appear. 
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of  the  peristome  corresponds.  Whilst  it  is  possible,  as  is  stated  *,  that  the  columella 
in  Dawsonia  takes  a  share  in  the  building  of  the  peristome,  I  must  against 
this  point  out  that  my  earlier  expressed  doubt  of  this  has  been  confirmed  by 
examination  of  the  history  of  development  Although  an  external  sharp  differen- 
tiation between  peristome  and  columella  does  not  exist,  yet  both  can  be  readily 
recognized  as  separate  tissues.  The  peristome  proceeds  from  a  ring-like  mass  of 
tissue  (in  Fig.  130,  7/,  it  is  shaded),  which,  on  its  side,  owes  its  origin  evidently 
to  the  tangential  splitting  of  one  or  a  few  cell-layers.  From  the  originally  similar 
cells  smaller  cells  are  cut  off  (Fig.  130,  /),  reminding  one  of  the  processes  in 
Diphyscium  and  Buxbaumia,  and  these  acquire  a  stronger  thickening  of  their  wall. 
These  cells,  placed  over  one  another,  form  then  the  bristles  of  the  peristome, 
which  become  isolated  by  the  disappearance  of  the  soft-walled  cells. 

In  other  Polytrichaceae  we  have  the  type  of  the  pore-capsule.  The  mouth 
of  the  capsule  is  closed  by  an  epiphragm  which  proceeds  out  of  the  columella,  and 
is  a  thin  membrane  which  is  destroyed  at  a  later  period.  The  teeth  of  the  peri- 
stome united  with  the  epiphragm  consist  of  bundles  of  mostly  curved  horse-shoe- 
shaped  cells.  The  construction  and  origin  of  the  peristome  of  the  Polytrichaceae 
evidently  point  to  their  being  fiar  removed  from  the  primitive  type. 

Reviewing  what  has  been  so  shortly  stated  regarding  the  wonder- 
fully multifarious  arrangements  for  the  distribution  of  spores,  it  is  clear  that 
we  can  now  recognize  on  the  whole  the  method  of  working  of  these  arrange- 
ments, but  we  cannot  explain  how  they  have  come  to  be  in  the  several  allied 
groups  of  the  Musci,  whose  connexion  is  not  yet  very  clear.  Although  this 
problem  offers  a  better  prospect  of  solution,  it  has  stimulated  less  discussion 
than  has  that  of  the  connexion  between  the  Bryophyta  and  the  next  higher 
group,  that  of  the  Pteridophyta.  We  shall  now  proceed  to  consider,  at 
least  in  part,  the  researches  bearing  upon  this  problem,  although  they  have 
not  led  to  positive  results. 


^  Hooker  (Masd  exotid.  Tab.  cbdi)  represents  the  bristles  of  the  peristome  as  springing  from  the 
colomella  in  Dawsonia  polytrichoides.    This  I  have  never  seen. 
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PTERIDOPHYTA     AND 
SPERMOPHYTA 

The  Pteridophyta  and  Spermophyta,  like  the  Bryophyta,  exhibit  in  the 
course  of  their  development  a  sexual  generation,  th^  gametophyte,  alternating 
with  an  asexual  generation,  the  sporophyte.  In  the  Spermophyta  the  alter- 
nation of  generations  is  concealed  in  the  formation  of  the  seed,  which  is 
a  special  further  development  of  the  megasporangium.  Therefore  the 
gametophyte  of  the  Pteridophyta  only  will  be  described  here  ;  description 
of  the  gametophyte  of  the  Spermophyta  is  deferred  until  the  development 
of  the  sporangium  has  been  described. 


THE   GAMETOPHYTE    IN   THE  PTERIDOPHYTA  i. 

It  has  been  shown  that  the  gametoph3rte  in  the  Bryophyta,  starting 
from  simple  relationships,  attains  to  a  more  complex  configuration  in  dif- 
ferent series,  and  that  constructions  outwardly  alike,  as  for  instance  that  of 
the  leaf,  may  be  arrived  at  in  different  scries  quite  independently  of  one 
another.  On  the  other  hand,  the  structure  of  the  sexual  organs  has  moved 
along  a  common  path,  although  even  here  there  is  no  complete  uniformity. 
Similar  features  recur  in  the  Pteridophs^ta.  The  formation  of  the  organs  of 
their  gametophyte,  which  in  them  is  termed  the  prothcdlus^  is  by  no  means 
so  multifarious  as  it  is  in  the  Bryophyta,  and  this  is  connected  with  the 
short  duration  of  life  of  the  gametophyte  and  with  the  reduction  which  it 
experiences.  Before  describing  the  relationships  of  configuration  the  struc- 
ture of  the  sexual  organs  must  be  described. 


^  RefeieDces  to  the  general  literature  are  not  giren  here ;  it  is  folly  set  oat  by  Douglas  Campbell, 
The  Stractnre  and  Development  of  the  Mosses  and  Ferns  (Archegoniatae),  Lond<m,  1895,  '^  vckoxt, 
recently  by  Sadebeck,  Pteridophsrta,  Einldtnng,  in  Engler  and  Prantl,  Die  natttrlichen  PHanzenfamilien , 
1898. 
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I 

STRUCTURE  AND  DEVELOPMENT  OF  THE 
SEXUAL  ORGANS 

A.   THE  ANTHERIDIUM. 

The  Spermatozoid. 

The  antheridium  is  the  seat  of  formation  of  the  spermatozoids,  which 
in  the  Bryophyta  have  uniformly  two  cilia — they  are  biciliate  ^.  The  Pteri- 
dophyta,  on  the  other  ^  hand,  may  be  divided  into  two  gjroups  according  to 
the  structure  of  the  spermatozoids  : — 

I.  Pluriciliate  Pteridoph)^  2. 
Filicineae. 
Equisetaceae. 
Isoetaceae. 

%.  Biciliate  Pteridophyta  ^. 
Lycopodiaceae  *. 
Selaginelleae  ^. 

The  structure  of  the  sexual  cells  is  undoubtedly  of  great  systematic 
value,  for  it  is  essentially  constant  within  groups  which  we  recognize  as 
natural.  We  know  indeed  that  the  number  of  the  cilia  in  the  swarm-spores 
may  be  different  in  one  and  the  same  species  of  some  Algae,  for  example 
Ulothrix,  inasmuch  as  the  megaspores  have  four  cilia,  whilst  the  micro- 
spores have  only  two,  yet  there  the  number  is  almost  constant  in  each  of  the 


*  See  p.  9. 

'  Cycadaceae  and  Ginkgoaceae  are  pluriciliate. 

'  The  male  gametes  of  the  Coniferae,  and  perhaps  also  of  the  Gnetaceae,  which  exhibit  only  passive 
movement,  are  evidently  connected  with  this  series. 

^  The  spermatozoids  are  only  known  in  Lycopodiom,  not  in  Phylloglossum  and  the  Psilotaceae, 
bat  it  is  highly  probable  that  in  these  latter  they  are  biciliate. 

'  Isoetes  is  commonly  placed  among  the  Lycopodineae,  with  which  in  its  sporophyte  it  has  some 
conmion  features,  such  as  the  early  disappearance  of  the  apical  growth  of  the  leaf,  the  position  of  the 
sporangia  upon  the  upper  sur&ce  of  the  leaf,  the  dichotomous  branching  of  the  root,  the  presence  of 
a  *  ligule.'    But  these  are  not  critical  points.    The  position  of  the  sporangia  varies  in  the  Filicineae, 
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cat^ories  of  megaspores  and  microspores  ^.  As  this  is  the  case  in  so  low 
a  group  we  must  regard  the  structure  of  the  spermatozoid  as  a  very  old 
character  and  of  much  significance  from  a  systematic  standpoint.  It  is, 
however,  probable  that  different  developmental  series  arc  to  be  found 
within  the  pluriciliate  Pteridophyta,  yet  we  must  r^ard  the  whole  of  them 
as  having  taken  origin  at  an  early  period  from  biciliate  forms. 

The  finer  structure  of  the  development  of  the  spermatozoids  cannot  be 
described  here ;  but  I  may  point  out  that  the  spermatozoid  of  Lycopodium  ^ 
appears  to  have  the  simplest  construction,  that  is  to  say,  it  proceeds  from 
a  less  fimdamental  transformation  of  the  spermatocyte  than  is  the  case  in  the 
other  groups.  It  has  a  conformation  like  that  of  the  swarm-spore  of  many 
Algae — an  elongated  ovoid  energid  with  a  prominent  nucleus  within  evident 
protoplasm  and  bearing  two  cilia  slightly  below  its  apex.  It  seems  to  include 
the  whole  plasm  of  the  spermatocyte,  whilst  elsewhere  in  the  formation  of 
the  spermatozoids  a  portion  of  the  plasm  of  the  spermatocyte  remains 
behind  unused,  sometimes  passing  out  with  the  spermatozoid  as  a  vesicular 
body  and  then  being  cast  off. 


The  Structure  of  the  Antheridium. 

The  structure  of  the  antheridium  exhibits  two  types  in  the  homo- 
sporous  Pteridophyta,  but  these  are  not  sharply  differentiated  : — 

{a)  Embedded.  The  antheridium  is  either  entirely  or  in  part  sunk  in 
tissue.  This  arrangement  is  found  where  the  antheridia  arise  upon  cell- 
masses^  and  this  is  the  case  in  Lycopodiaceae,  Equisetaccae  ^,  Marattiaceae, 
and  Ophioglossaceae.  This  type  also  occurs  in  all  the  heterosporous  Pteri- 
dophyta. 

(b)  Free.  The  antheridium  stands  free,  and  this  is  the  case  when  it 
arises  upon  a  cell-thread  or  cell-surface.  It  then  usually  projects  as  a 
somewhat  spherical  body  upon  the  surface  of  the  prothallus,  or  it  may  be 


for  example.  The  '  lignle '  does  not  occur  in  all  Lycopodineae,  and  is  also  fotind  elsewhere.  Both 
the  gametophyte  and  the  8poroph3rte  show  such  fundamental  differences  from  those  of  the  Selaginel- 
leae  that  since  I  said  (Outlines  of  Classification  and  Special  Morphology,  English  edition,  Oxford, 
1887,  P*  '9^)>  '"^^  groups  which  have  been  brought  together  under  the  name  Lignlatae  have 
scarody  anything  in  common  but  the  presence  of  a  ligule,  and  it  would  be  better  perhaps  to  make 
separate  divisions  of  them/  the  Isoetaceae  have  been  placed  by  various  authors  amongst  the 
Filidneme.  I  cannot  but  think  that  they  would  be  better  considered  as  a  special  group  ruar  the 
Filicineae  showing  at  the  same  time  relationships  to  the  Lycopodineae. 

'  Variations  in  the  number  of  the  dlia  do  occur  in  Lycopodium,  where  there  are  occasionally 
three ;  see  Bmchmann,  t)ber  die  Prothallien  und  die  Keimpflanzen  mehrerer  europaischer  Lycopodien, 
Gotha,  1898,  p.  3a. 

'  Bmchmann,  op.  cit. 

'  In  Equisetum  the  antheridfnm  may  also  be  formed  upon  a  ceU-thread  or  cell-surface,  but  there 
arises  then  in  the  formation  of  the  antheridium  a  cell-mass  (see  p.  178). 
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seated  on  the  cushion  of  tissue  on  the  under  side  of  the  prothallus.  Only  in 
abnormal  cases  is  the  antheridium  embedded.  This  type  is  met  with  in  the 
leptosporangiate  Filicineae. 

Embedded  Antheridia.  Where  the  antheridia  are  embedded  we 
have  to  distinguish  a  limiting  opercular  layer  to  the  outside,  which  serves, 
not  only  as  a  protection  to  the  ripening  spermatozoids,  but  also  shares 
in  the  process  of  opening  the  antheridium.  It  consists  of  one  layer  in 
Equisetum  {Fig.  131),  and  the  Marattiaceae,  of  two  layers  in  the  Ophio- 
glossaceae,  whilst  in  Lycopodium  there  is  an  intermediate  condition,  for  it 
is  one-layered  in  the  middle  but  two-layered  or  many-layered  towards  the 
periphery.  In  the  Marattiaceae  and  Lycopodium  this  opercular  layer,  which 
originally  starts  from  one  cell,  exhibits  characteristic  divisions  resulting  in 
the  formation  of  a  middle  cell  which  is  triangular  in  surface-view ;  in  the 
Marattiaceae  the  pit  around  the  antheridium  is  also  surrounded  by  tabular 
cells  cut  off  by  periclinal  walls  from  their  neighbours,  and  these,  like  the 
tapetal  cells  of  the  sporangia  or  the  *  lid-cells '  of  the  archegonia  of  many 

Coniferae,  regulate  the  transport 
of  food-material  to  the  sperma- 
tocytes. In  other  respects  the 
embedded  antheridia  proceed,  if 
we  except  the  mantle  just  men- 
tioned, just  like  the  free  antheridia 
from  one  mother-cell,  and  an  ac- 
curate comparison  of  the  history 
dinS'seci^n.  ^'S^SLSS^cJkr.t^^^^  of  devclopmcnt  first  made  possible 

?n°^c1SI^^Sn«^ft^?t^^^^^  a  discussion  ofthe  question  of  the 

SfriS^mo^iigw';  SSlTothJ?.^^'^' ""'  '^  °°    correspondence  of  the  two  kinds 

in  their  whole  construction.  It 
may  be  mentioned  here  that  the  free  antheridia  are  everywhere  surrounded 
by  a  single  layer  of  wall-^ells^  and  that  many  possess  a  short  stalk. 

Opening  of  the  Embedded  Antheridium.  It  might  be  thought 
that  structures  which  have  been  so  often  investigated  as  the  antheridia  of 
the  Pteridoph)rta  would  be  known  in  all  the  details  of  their  structure  and 
life-processes.  I  do  not,  however,  think  that  this  is  the  case.  What,  for 
example,  is  the  work  of  the  antheridial  wall  ?  We  know  that  in  the  Bryo- 
phyta  it  not  only  serves  as  a  protective  envelope  to  the  spermatocytes,  but 
that  it  actively  shares  in  the  process  of  opening  the  antheridium.  We  know 
further  that  there  is  a  difference  in  regard  to  it  between  Hepaticae  and 
Musci  ^,  so  far  as  we  are  acquainted  with  them,  inasmuch  as  the  process  of 
opening  in  Musci  is  brought  about  by  a  narrowly  limited  group  of  cells, 
sometimes  only  one  cell,  of  the  antheridial  wall  which  forms  the  opening  capy 


'  Sec  p.  la 
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whereas  in  Hepaticae  there  is  no  such  limitation,  but  many  cells  take 
a  share  in  it.  It  is  now  commonly  assumed  that  in  the  Pteridophyta  the 
antheridial  wall  is  burst  by  the  swelling  of  the  contents  of  the  antheridium,  the 
interpretation  of  the  process  of  opening  of  the  antheridium  formerly  regarded 
as  the  correct  one  in  the  case  of  the  Bryophyta  also.  Any  comparison  of 
antheridia  which  is  to  be  of  value  in  its  bearing  on  the  question  of  the 
uniformity  of  their  construction 
can  only  be  undertaken  when 
this  point  is  cleared  up.  In  my 
opinion,  which,  however,  re- 
quires searching  proof,  it  will 
be  found  that  here  also  the  wall- 
cells,  or  it  may  be  only  one  of 
them,  take  an  active  part  in 
the  opening  by  the  swelling  of 
mucilage  deposited  in  them  or 
in  it,  or  perhaps  indeed  in 
some  other  way.  This  appears 
to  me  to  be  most  clear  in  Equi- 
setaceae. 

Equisetaeeae.  The  an- 
theridia of  Equisetaceae  are,  as 
in  all  other  cases,  invested  by 
a  cuticle  which  is  ruptured 
afterwards.  The  cells  of  the 
opercular  layer,  marked  by 
their  bright  colour,  separate 
from  one  another,  and  thus 
leave  a  wide  opening  which  in 
some  species,  for  example 
Equisetum  limosum\  is  en- 
circled by  the  separated  cells 
of  the  opercular  layer  arranged 
in  the  form  of  a  *  coronet  V  In 
other  cases  the  formation  of  the 
coronet  is  less  conspicuous,  for  instance  in  Equisetum  pratense  (Fig.  132). 
I  find  in  this  species  that  the  opercular  layer  is  usually  divided  into  two  cells 
only,  which  then  separate  from  one  another  in  the  middle  somewhat  after 
the  manner  of  the  guard-cells  in  a  stoma.  In  other  species  the  opercular 
cell  divides  first  of  all  into  two,  and  the  first  partition-wall  indicates  the 


Pig.  133.  Bqnisetnm  pratense.  Male  prothallos  from  below. 
A^  antheridia;  d^  du  opercular  cells.  Between  and  below  the 
antheridia  there  is  no  fonnation  of  lobes.    Magnified  35. 


'  See  Thnret,  Recherches  snr  les  zoospores  des  Algnes  et  les  anth^ridies  des  Cryptogames,  in 
Amudes  des  sciences  natorelles,  s^r.  3,  xtI  (1851). 
^  This  is  beautifully  shown  in  Thuret*s  figures. 
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position  of  the  subsequent  separation,  but  each  of  the  two  daughter-cells  is 
again  divided  by  anticlinal  walls.  It  is  evident  that  here  all  the  cells  share 
in  the  opening,  and  this  notwithstanding  statements  to  the  contrary^,  and 
their  curving  outwards  may  take  place  as  the  result  of  causes  similar  to 
those  which  operate  in  the  antheridia  of  the  Hepaticae*.  In  relation  to 
this  we  have  learned  in  other  examples,  for  instance  amongst  the  sporangia 
of  the  Hepaticae,  that  the  line  of  separation  is  from  the  first  marked  out 
clearly  by  the  nature  of  the  cell-membrane. 

Lyoopodinm.  In  Lycopodium  the  construction  of  the  mature  anther- 
idium  is  not  everywhere  the  same.  The  antheridia  are  embedded  in  all 
known  species,  and  but  little  weight  is  to  be  attached  to  the  fact  that  in  L. 
'  cernuum,  L.  inundatum,  L.  Phlegmaria,  and  others,  the  opercular  layer  consists 
oione  cell-layer,  whilst  Bruchmann  found  in  the  species  examined  by  him  that 
it  was  many-layered  towards  the  edge.  In  surface-view  there  appears  in  all 
species  a  small  triangular  cell  in  the  middle  of  the  opercular  layer,  and  this 
is  broken  through,  according  to  Treub,  whilst  Bruchmann  says  that  some 
cells  of  the  opercular  layer  become  mucilaginous,  and  then  the  sporocytes 
absorbing  water  rupture  the  antheridium.  It  is  possible  that  different 
species  of  Lycopodium  behave  differently ;  that  in  the  first-mentioned  case 
only  one  of  the  cells  of  the  opercular  layer  is  ruptured  by  the  formation  of 
mucilage,  as  in  many  Musci,  whilst  in  the  second  case  many  cells  are  so 
ruptured,  and  this  would  be  a  primitive  condition. 

Marattiaoeae.  Among  the  Filicineae  the  Marattiaceae  have  antheridia 
which  approach  those  of  Lycopodium,  especially  through  the  structure  of 
their  opercular  layer,  which  shows  in  the  middle  a  special  triangular  cell 
which  is  *  thrown  '  off  as  an  *  opercular  cell  ^.' 

Ophioglossaoeae.  The  antheridia  of  the  Ophioglossaceae  are  distin- 
guished by  an  opercular  layer  two  cells  thick ;  at  least  this  is  the  case  in 
the  few  members  of  the  Ophioglossaceae  whose  gametophyte  is  known,  namely, 
in  Botrychium  Lunaria,  B.  virginianum,  and  Ophioglossum  pedunculosum. 
We  have  seen  above  that  a  periclinal  rupture  of  the  opercular  layer  of  the 
antheridium  occurs  also  in  the  Lycopodiaceae,  although  it  is  not  complete, 
nor  is  it  found  in  all  the  species.  The  construction  of  the  wall  which  leads 
to  the  opening  is,  however,  incompletely  known  also  in  the  Ophioglossaceae. 
Mettenius*  says,  *  The  cells  of  the  inner  of  the  two  cell-layers  which  form  the 


*  Campbell  (The  Structure  and  Development  of  the  Mosses  and  Feras,  London,  1895,  p.  427)  says 
of  Equisetum  Telmateja, '  There  is  often  a  triangular  opercular  cell,  recalling  the  similar  cell  in  these 
forms '  (Le.  Marattia,  Osmunda).  To  this  I  may  say  that  the  conformation  of  the  cell  is  no  indication 
of  whether  it  is  an  opercular  cell  or  not.    No  such  cell  has  yet  been  found  in  Equisetum. 

*  Seep.  12. 

*  Jonkman,  De  geschlachtsgeneratie  den  Maraltiacceen,  Utrecht;  id.,  L*embr}'og6nie  de 
TAngiopteris  et  du  Marattia,  in  Archives  N^erlandaises,  xx  (1896),  p.ai3  ;  id.,  Ueber  die  Entwick- 
lungsgeschichte  des  Prothalliums  der  Marattiaceen,  in  Botanische  Zeitung,  xxxvi  (1878),  p.  129. 

^  Mettenius,  Filices  horti  botanici  Lipsiensis,  Leipzig,  1856,  p.  119. 
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outer  wall  of  the  antheridium  are  pushed  apart,  and  soon  thereafter  one  cell 
of  the  outer  layer  is  ruptured/  Jeffrey  ^  says  of  Botrychium, '  The  spermato- 
zoids  make  their  way  out  by  means  of  an  aperture  formed  by  the  disap- 
pearance of  two  superimposed  cells  of  the  outer  wall  of  the  antheridium.' 
What  is  the  mechanism  of  the  process  is  unknown,  as  it  is  in  Ophioglossum. 

Free  Antheridia.  The  leptosporangiate  Filicineae  normally  possess 
antheridia  which  are  free,  not  embedded.  In  Doodya  caudata  there  are^ 
besides  the  ordinary  free  antheridia,  also  embedded  ones,  but  these  must  be 
considered  as  first  indications  of  pathological  changes  of  the  sexual  organs 
taking  place  in  the  prothalli  of  this  fern  as  they  age  *.  The  structure  of  the 
antheridia  is  essentially  the  same  everywhere,  a  one-layered  wall  surrounding 
the  sporocytes. 

Opening  of  the  Free  Antheridium.  The  opening  of  the  anther- 
idium takes  place  in  one  cell  of  the  one-layered  wall,  and  this  cell  is  desig- 
nated the  opercular  cell.  It  lies  usually  at  the  apex  of  the  antheridium,  but 
in  the  Osmundaceae  is  somewhat  to  one  side.  The  details  of  the  working 
of  the  opening  mechanism  are  here  also  unknown  ;  all  we  know  is  that  the 
opening  may  take  place  in  two  ways  : — 

{a)  The  opercular  cell,  after  rupture  of  the  cuticle,  is  raised  up  to  allow 
of  the  escape  of  the  spermatozoids.  This  is  the  case  in  the  Hymenophyl- 
laceae  (so  far  as  they  have  been  examined),  Osmundaceae,  Cyatheaceae  (in 
which  the  opercular  cell  is  mostly  divided  into  two),  Gleicheniaceae,  and 
amongst  the  Schizaeaceae  in  Lygodium. 

(b)  The  opercular  cell  is  broken  through,  and  thus  the  spermatozoids 
gain  exit.  This  occurs  in  the  Polypodiaceae  and  in  Aneimia  and 
Mohria  ^ 

The  method  of  opening  of  the  antheridium  is  then,  so  far  as  investiga- 
tion has  shown,  constant  within  a  large  cycle  of  affinity  in  the  Filicineae, 
with  the  exception  of  the  Schizaeaceae,  among  which,  however,  Lygodium 
differs  from  the  other  genera  in  this,  as  also  in  other  features  of  its  gameto- 
ph3rte  and  sporophyte. 

Development  of  the  Antheridium. 

The  history  of  development  of  the  antheridium  shows  considerable 
variations,  and  the  differences  are  specially  marked  between  embedded  and 
free  forms.  Careful  comparison,  however,  as  I  shall  endeavour  to  show, 
teaches  us  that  the  differences  are  not  so  g^eat  as  they  appear. 


*  Jeffrey,  The  Gametophyte  of  Botrychinm  Tirginiannm,  in  Studies  from  the  University  of  Toronto, 
Biological  Series,  1898,  p.  15. 

'  Heim,  Untersuchungen  iiber  Farnprothallien,  in  Flora,  Ixxxii  (1896),  p.  333.     The  mai]ginal 
antheridia  of  Ceratopteris  are  half-embedded. 

'  It  is  chaiacteristic  that  the  cell-stmctnre  of  the  antheridium  of  these  two  genera  diverges  from 
that  of  Lygodiom,  which  conforms  with  the  type  of  Polypodiaceae. 
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HOMOSPOROUS  PTERIDOPHYTA.  In  the  first  place,  the  spermatocytes 
always  arise  in  one  mother-cell  in  both  the  embedded  and  the  free  anther- 
idia.  In  the  embedded  antheridia  (Fig.  133,  VI),  the  mother-cell  of  the 
antheridium  divides  by  a  periclinal  wall  into  an  outer  cell,  d^  which  forms 
the  wall,  and  an  inner  cell,  M^  from  which  the  spcrmatozoids  are  derived. 

Equisetum.  Now  in  Equisetum  the  formation  of  the  antheridium  may 
take  place  upon  a  cell-filament  or  cell-surface,  although  it  commonly  occurs 
upon  a  prothallus  which  has  become  a  cell-mass.  Where  the  former  is  the 
case  a  cell-mass  must  be  first  of  all  formed  in  some  measure,  and  to  this 
end  frequently  one  cell  divides  in  the  manner  diagrammatically  shown  in 


Fig.  133.  Scheme  of  development  of  the  antheridium.  I,  Aneimia.  II,  Polypodiaceae.  Ill,  Osraandaceae. 
IV,  V,  Equisetum.  Development  upon  a  cell-thread  of  which  the  end-cell  is  seen  in  IV  in  longitudinal  section,  in  V 
from  above.  VI,  Equisetum.  Development  upon  a  cell-mass.  A/,  in  all  figures,  the  spermatocytes;  df,  the 
opercular  cell ;  i,  3,  3,  4,  successive  division-Mralls.    Further  explanation  in  the  text. 

Fig.  133,  IV,  V,  that  is  to  say,  division-walls  are  formed  in  three  different 
directions  so  as  to  cut  off  a  tetrahedral  central  cell  with  curved  walls,  and 
this  is  the  mother-cell  of  the  antheridium  ;  this  mother-cell  then  divides  into 
the  spermatocyte  and  the  opercular  cell,  which  undergoes  further  division. 
The  cells  cut  off  to  the  outside  by  the  walls  i,  2,  and  3,  are  not  distinguished 
by  any  special  features  from  other  cells  of  the  prothallus,  whilst  the  oper- 
cular cells  are  so  distinguished,  markedly  by  their  behaviour  in  the  opening 
of  the  antheridium.  We  must  therefore  consider  the  first  as  belonging 
to  the  prothallus  and  not  to  the  antheridium  ^.    These  divisions  remind  us 


*  This  interpretation  I  pat  forward  long  ago,  aiid  Bnchtien,  Entwicklungsgeschichte  des  Pro- 
tballinm  von  Equisetom,  in  Bibliothcca  Botanica,  viii  (18K7),  discusses  my  views. 
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greatly  of  what  we  find  in  the  primordium  of  the  antheridium  of  the 
Osmundaceae  (Figs.  133,  III ;  134). 

Osmunda.  In  Osmunda  (Fig.  134)  many  cell-walls  arise,  inclined  in 
three  directions  in  space,  which  lead  to  the  formation  of  an  antheridial  stalk  ; 
then  follows  a  wall  curved  in  a  cap-like  manner  which  corresponds  with 
that  which  in  Marattia,  Equisetum,  and  Lycopodium,  separates  the  opercular 
la)rer  from  the  cell  within,  and  then,  by  further  division  of  the  outer  cell 
thus  cut  off,  the  opercular  cell  of  the  antheridium  is  formed,  as  in  Marattia. 

Polypodiaoeae.  In  the  Polypodiaceae  there  is  formed  first  of  all 
within  the  mother-cell  of  the  antheridium  a  funnel-like  wall  (Fig.  133,  II, 
I  i)  which  divides  the  cell  into  an  outer  one  and  an  inner  one ;  the  inner 
one  is  the  special  antheridial  mother-cell,  from  which,  by  a  periclinal  wall, 
there  is  cut  off  the  wall-cell,  and  in  this  the  opercular  cell  is  then  cut  off  by 


Fig.  134.    Osmnnda.    a^b^Cyd,  «,  several  views  of  an  antheridium  ;  Z7,  the  opercular  cell  lying  laterally.  After 
HcinD. 

the  ring-like  wall  3  3.  The  ring-cell  surrounding  the  mother-cell  of  the 
antheridium  is  quite  different  from  the  vegetative  cells  of  the  prothallus  in 
conformity  with  the  lie  of  the  antheridium,  for  its  function  is  to  serve  as 
a  protection  to  the  antheridium. 

Aneimia.  A  further  simplification  is  seen  in  Aneimia  (Fig.  133, 1)  where 
first  of  all  a  wall,  i  i,  curved  in  a  cap-like  manner  appears,  and  then  the 
ring-like  one,  2  2,  is  developed. 

If  we  were  to  construct  a  series  we  might  say :  It  is  a  primitive 
character  if  the  antheridium  is  laid  down  relatively  late,  when  the  prothallus 
is  already  a  cell-mass ;  in  this  case  it  is  embedded.  If  the  antheridium  is 
laid  down  earlier,  when  only  a  cell-thread  or  a  cell-surface  exists,  then  it 
is  free.  This  type  is  also  retained  in  the  antheridia  standing  upon  the 
cell-cushion  which  necessitates  first  of  all  the  establishment  of  a  cell-mass 
whereby  variations  in  the  direction  of  the  walls  take  place,  as  we  have  seen 
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them  also  in  the  Hepaticae.  These  appear  to  be  constant  within  the  natural 
groups,  although  the  Hymenophyllaceae  are  insufficiently  known  in  respect 
of  this,  but  fundamentally  the  differences  are  really  smaller  than  they  appear 
to  be  at  first  sight,  because  everywhere  we  find  the  mother-cell  of  the 
antheridium  dividing  into  mother-cell  of  the  opercular  cell  and  mother-cell 
of  the  spermatozoids.  The  cells  derived  from  the  former  are  either  all,  as 
in  Equisetum,  concerned  in  the  opening  of  the  antheridium,  or  only  one  of 
them — or  it  may  be  a  few — takes  part  in  this. 

Heterosporous  PTERIDOPHYTA.  A  knowledge  of  the  history  of 
development  will  also  enable  us  to  understand  the  formation  of  the  anthe- 
ridia  of  the  heterosporous  Pteridophyta.  The  antheridium  of  these  is 
always  sunk  alike  in  the  Filicineae^and  in  the  Lycopodineae.  Its  construe- 
tion  is  like  that  in  the  other  Pteridophyta ;  there  are  only  some  partial  sim- 
plifications which  may  be  connected  with  the  reduction  of  the  prothallus. 


PlO.  135.  Germinated  microspores.  I-III,  Marsilia.  IV,  Isoetes  Malinveraiana.  I,  the  prothallus  consists  of 
four  cells  A^  J?,  C,  Z7,  separated  by  the  walls  i,  3.  3.  II,  the  mother-cells,  A/,  of  two  antheridia  have  been  cut  oflf  by 
the  walls  5,  6.  Ill,  the  mother-cell  of  each  antheridium  is  divided  into  an  opercular  cell^Z?,  and  a  pluricellular 
inner  mass  of  mother-cells  of  the  spermatosoids ;  /?,  rhizoid-cell  cut  off  from  A^  showing  cell  a.  IV,  shows, 
lid-cell,  A  of  the  antheridium.    After  Belajeff.    Highly  magnified. 

After  I  ^  had  first  suggested,  in  the  case  of  Isoetes,  that  the  two  *  sterile 
cells '  described  by  Millardet  should  be  perhaps  considered  as  the  rudimen- 
tary wall-layer  of  the  antheridium,  the  thorough  investigations  of  Belajeff^ 
furnished  us  with  a  sound  basis  for  the  explanation  of  the  relationships. 

(a)  Marsiliaceae.  These  are  first  dealt  with  because  they  show  the 
relationships  which  are  least  reduced  The  microspore  (Fig.  135,  I)  divides 
in  germination  first  of  all  into  three  cells  of  a  prothallus,  A^  B^  C.  From 
the  uppermost  of  these  the  cell,  Z?,  is  cut  off.  D  and  A  remain  sterile,  and 
from  the  latter  there  is  cut  off  at  a  later  period  the  small  lenticular  cell 
R  (Fig.  135,  III),  which  Belajeff  considers  as  a  rudimentary  rhizoid.   In  the 


'  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Botanik,  iii  (1884^  p.  426,  note  a. 

■  See  Belajeff,  Ober  die  mannlichen  Prothallien  der  Wasserfame  (Hydropterides),  in  Botanische 
Zeitting,  Ivi  (1898).     The  literature  is  cited  here. 
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cells  B  and  C  the  anlheridial  mother-cells  M  are  cut  out  by  the  walls  5  and 
6  (Fig,  135,  II).  Each  of  these  mother-cells  then,  just  as  in  the  Marat- 
tiaceae,  Equisetum,  and  others,  divides  into  an  opercular  cell,  D  (Fig.  135, 
III),  and  the  mother-cell  from  which  the  spermatozoids  are  formed ;  the 
opercular  cell  remains  simple,  the  mother-cell  of  the  spermatozoids  produces 
sixteen  spermatozoids.  In  other  words  we  have  a  prothallus  consisting  of 
six  sterile  cells  in  which  are  sunk  two  antheridia^  and  it  is  noteworthy 
that  the  whole  prothallus  is  dorsiventral ;  the  antheridia  stand  towards 
one  side. 

(fi)  Isoetes^  There  is  only  one  antheridium  (Fig.  135,  IV).  In  the 
microspore  a  small  cell,  R,  is  cut  off  by  the  wall  i  i ;  the  remainder  and 
larger  portion  of  the  interior  is  divided  by  two  oblique  walls  inclined  towards 
the  long  axis  of  the  spore  into  two  flat  cells,  and  a  third  which  in  optical 
longitudinal  section  is  tri- 
angular. I  consider  this  last 
one  alone  to  be  the  anthe- 
ridial  mother-cell^.  Itdivides 
by  a  periclinal  wall  into  an 
outer  cell,  the  opercular  cell, 
Z>,  and  an  inner  cell,  out  of 
which  the  four  mother-cells 
of  the  spermatozoids  arise  by 
division.  We  should  have 
then  a  prothallus  consisting 
of  three  sterile  cells  and 
one  antheridium,  and  my 
explanation  differs  from 
that  which  I  originally  sug- 
gested, and  which  Belajeff 
and  others  have  adopted, 
in  that  I  do  not  consider  all,  but  only  one  of  the  sterile  cells,  except- 
ing R^  as  belonging  to  the  antheridial  wall.  The  ground  for  this  is  to 
be  found  in  the  comparative  developmental  history  of  the  antheridia 
stated  above,  and  besides,  according  to  my  thinking,  the  relationships 
in  all  the  heterosporous  forms  are  alike.     That  all  the  sterile  cells,  apart 


Pig.  136.  A-E^  Selaj^nella  stokmifera.  Successive  stages  in  the 
germination  of  a  microspore.  /,  cell  of  the  prothallus ;  iv,  other 
sterile  cells ;  *,  spermatogenons  cells.  Ay^  B^  /?,  side  views.  C,  dorsal 
view.  Iln  ^  all  the  sterile  cells  are  disomnized.  F^  Selaginella 
cuspidata.  Spcrmatocoids.  After  BelajefT  A-E^  magniSea  640. 
F^  magnified  780.    Lehrb. 


'  Belajeff,  Antheridien  und  Spermatozoiden  der  heterosporen  Lycopodinen,  in  Botanische  Zeitnng, 
xliii  (1885). 

'  According  to  Belajeff,  it  divides  first  by  an  anticlinal  wall  (which  is  not  visible  in  Fig.  135,  IV, 
as  it  falls  in  the  plane  of  the  paper)  into  two  cells,  and  from  these  then  by  the  wall  4  the  two 
opercular  cells  are  first  cat  off.  This  wonld  be  a  deviation  from  the  development  of  all  other 
antheridia  in  the  Pteridophyta,  excepting  those  of  Selaginella  in  which,  according  to  Belajeff,  the 
same  process  occurs.  One  might  save  the  cause  of  miiformity  by  the  somewhat  forced  assumption 
that  two  antheridial  mother-cells  lie  close  beside  one  another ;  moreover  the  formation  of  a  separation- 
wall  at  a  somewhat  later  period  than  usual,  would  be  a  primitive  condition. 
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from  Ry  take  a  share  by  the  formation  of  mucilage  in  the  rupture  of 
the  exosparium  here,  as  is  the  case  in  Marsilia  and  others,  cannot  be  brought 
forward  as  a  reason  for  considering  them  as  wall-cells.  We  have  to  deal 
here  with  an  adaptation  to  rapid  germination  within  the  endosporium^  and 
this  brings  it  about  that  the  sterile  cells  of  the  prothallus  have  quite  other 
duties  than  is  usual. 

{c)  Selaginella.  In  this  genus  a  single  antheridium  is  formed,  and 
there  is  produced  at  first  a  small  sterile  cell  (Fig.  136,/)  which  is  considered 
by  authors  as  a  single  cell  of  a  prothallus.  In  my  view,  however,  all  the 
cells  in  Fig.  136,  A  and  D,  which  are  marked  w  are  cells  of  the  prothallus, 
with  the  exception  of  the  one  about  the  middle  towards  the  right ;  it  is  the 
wall  of  the  antheridium  and  forms  the  operculum.     In  this  way,  mutatis 

mutandis,  there  is  obtained  a  tolerably  com- 
plete conformity  with  the  condition  in  the 
Marsiliaceae,  a  conformity  which  must  rest 
essentially  upon  an  analogy  of  the  whole 
relationships  under  which  the  germination  of 
the  spore  takes  place. 

{d)  Salviniaceae.  Salvinia  alone  is  men- 
tioned here  as  in  it  the  reduction  reaches  an 
extreme,  inasmuch  as  no  opercular  layer  is 
formed.  The  microspore  divides  first  of  all 
into  three  cells  of  the  prothallus,  /,  //,  and 
///  in  Fig.  137,  ^.  From  cell  /  the  small  cell 
/  is  cut  off ;  cells  //  and  ///  produce  each  an 
antheridium,  each  of  them  divides  by  two  anti- 
clinal walls  into  the  two  sterile  cells  respect- 
ively b  and  r,  d  and  e.  Fig.  137,  -ff,  and  the 
mother-cell  of  an  antheridium  out  of  which 
the  two  mother-cells  of  the  spermatozoids 
are  developed.  The  dorsiventrality  of  the 
prothallus  is  here  very  apparent.  The  cells 
b,  Cy  dy  e^  which  remain  sterile,  and  which  in 
my  view  are  wrongly  designated  wall-cells, 
take  no  part  in  the  opening  of  the  anthe- 
ridium. It  is  indeed  clear  that  in  so  small  antheridia  the  opening 
mechanism  may  be  very  simple.  One  might  endeavour  to  interpret  this 
simple  structure  as  not  a  reduced,  but  a  primitive  rudimentary  one,  inasmuch 
as  it  conforms  somewhat  with  that  of  the  antheridia  of  Algae  like  Oedogo- 
nium.  But  general  consideration  of  the  reduction  of  prothalli  makes  the 
view  of  it  as  a  reduction  the  more  probable,  as  does  also  a  comparison  with 
what  is  found  in  the  allied  (although  not  very  nearly  so)  Azolla,  whose 
single  antheridium  possesses  a  lid.     The  proof  of  either  view  is  wanting. 


Pig.  137.  Salvinia  natans.  Development 
of  the  male  prothallos.  A^  division  of  the 
microspore  into  three  cells  /,  UyJH-  B^ 
matare  prothallas  from  the  side :  c7,  matore 
prothallos  from  below.  Cell  /has  divided 
tnto  the  cells  of  the  prothallus  a  and  p. 
Cell  //has  divided  into  the  two  sterile  cells 
b  and  r,  and  the  two  spern)atoj|;enoas  cells 
*l,  each  of  which  has  formed  two  mother- 
cells  of  spermatosoids.  Cell  ///has  divided 
into  the  two  sterile  cells  d  and  e  and  the 
two  spennatogenoas  cells  s^.  Bach  pair  of 
cells  J,  J.  and  s^  Sn,  represent  one  antheri- 
dium. After  Belajeff.  ^,  mas^nified  86a 
B,  and  Q  ma.gai6cd  640.    Lehrb. 
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B.     THE  ARCHEGONIUM. 

The  term  Archegoniatae  used  to  embrace  both  the  Pteridophyta  and 
the  Bryophyta  shows  that  the  structure  of  the  arch^onia  in  both  groups  is 
alike.  The  irchegonium  of  the  Pteridophyta  has  its  venter  embedded  in  the 
tissue  of  the  prothallus.  In  Marattia  and  such  heterosporous  forms  as 
Isoetes  and  Selaginella,  the  neck  only  slightly  protrudes,  and  it  thus  ap- 
proaches the  condition  of  the  archegonium  in  Anthoceroteae  and  in  the 
Gynmospermae.  The  neck  consists  everywhere  primarily  of  four  cell-rows, 
and  it  invests  the  neck-canal<ells,  in  which  is  formed  the  mucilage  which  is 
concerned  in  the  opening  of  the  arch^onium.  A  row  of  neck-canal-cells  is 
always  present  in  the  Bryophyta,  and  we  are  therefore  inclined  to  regard 
those  archegonia  which  have  a  row  of  neck-canal-cells  as  the  more  primi- 
tive amongst  the  Pteridophyta.  We  find  neck-canal-cells  in  some  species 
of  Lycopodium.  L.  clavatum  and  L.  annotinum  have  six  to  ten  of  them, 
or  there  may  be  more,  especially  in  L.  annotinum  ^ ;  L.  Phlegmaria  has 
three  to  five,  according  to  Treub.  The  number  may,  however,  be  reduced  to 
one,  for  example  in  L.  cernuum  and  L.  inundatum,  although  perhaps  here 
there  may  be  a  nuclear  division  which  is  not  followed  by  the  formation  of 
cell-wall.  This  at  least  is  the  case  in  the  other  Pteridophyta,  which  possess 
only  one  canal-cell,  Marattiaceae,  Botrychium,  Equisetum,  the  Filices. 
Cell-walls  are  occasionally  observed  in  the  Marattiaceae,  Osmunda,  and 
Equisetum,  and  this  supports  the  assumption  that  a  reduction  has  taken 
place  here.  The  reduction  goes  even  further  in  the  heterosporous  forms. 
This  neck-canal-cell  is  extremely  small  in  the  Marsiliaceae,  and  a  nuclear 
division  does  not  take  place,  and  the  same  is  true  it  appears  in  Selaginella. 
The  nucleus  of  the  single  broad  neck-canal-cell  of  Isoetes  divides,  at  least 
sometimes,  in  a  transverse  direction.  This  reduction  in  the  formation  of 
the  neck-canal-cells  is  of  interest,  inasmuch  as  the  formation  of  neck-canal- 
cells  does  not  generally  take  place  in  the  archegonia  of  Gymnospermae. 

Opening  of  the  Archegonium.  Our  knowledge  of  the  opening 
mechanism  in  the  archegonium  of  the  Pteridophyta  is  as  imperfect  as  it  is 
in  the  case  of  the  antheridium.  I  have  no  doubt  that  the  neck  of  the  arche- 
gonium is  not,  as  is  commonly  assumed,  passively  ruptured,  but  that  it  opens 
by  an  active  opening  movement  of  the  cells  at  its  apex.  Equisetum  fur- 
nishes us  with  a  striking  example  in  illustration  of  this.  At  the  apex  of  the 
neck  of  the  archegonium  in  this  genus  are  four  long  large  cells  marked  out 
by  their  hyaline,  perhaps  mucilaginous,  content,  and  between  these  the  neck- 
canal-cell  is  not  forced.  These  cells  bend  outwards,  and  they  undergo  then 
a  change  in  conformation  which,  excepting  that  they  remain  united  with 
the  other  neck-cells,  is  exactly  like  that  which  I  described  in  the  wall-cell  of 


*  See  Bnichmaim,  Uber  die  Prothallien  und  die  Keimpflanzen  mehrerer  ettropaischer  Lycopodien, 
Gotha,  1898,  p.  34. 
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the  antheridia  in  Hepaticae  (see  Fig.  5,  5),  and  which,  although  less 
evidently,  is  also  found  in  the  opercular  cells  of  the  antheridia  of  Equi- 
setum.  In  Selaginella  spinulosa  also  ^,  a  strong  outward  curving  of  the  four 
uppermost  neck-cells  takes  place,  and  in  the  leptosporangiate  Filicineae 
lower-lying  cells  in  the  neck  take  a  share  in  the  opening  movement 

Development  of  the  Archegonium. 

The  development  of  the  archegonium  in  the  Pteridophyta  (Fig.  138) 
runs  in  all  known  cases  on  essentially  the  same  lines.  An  epidermal  cell 
divides  by  a  transverse  wall  into  an  upper  and  a  lower  cell.  The  upper 
cell  divides  by  cross-walls  into  four  cells,  and  these  continue  to  divide,  and 
then  project  usually  above  the  epidermal  surface  as  the  neck.  In  Marattia 
this  projection  is  only  very  slight.  In  Selaginella  (Fig.  138,  III)  the  neck 
also  projects  but  little,  and  the  division-walls  never  reach  the  free  surface, 
so  that  the  neck  of  the  archegonium  appears  many-layered,  and  this  is  note- 
worthy in  comparison  with  the  archegonium  of  many  Coniferae  which  will 
be  described  later.  The  lowermost  cell  divides  into  two  daughter-cells,  the 
neck'Canal'Cell  and  the  central  cell.     The  former  by  subsequent  divisions 

may  produce  daughter-cells,  as 
has  been  shown  above,  or  there 
is  only  a  trace  of  these.  The 
latter,  after  separation  of  the  ven- 
tral canal-celly  forms  the  egg.  In 
the  Marattiaceae,  the  embedded 

Fig.  138.    Scheme  of  development  of  the  archegonimn  in      pOrtlOn     of    the     archeS^Onlum     is 
oneitndinal  section,    /and  //,  Leptosporangiate  Filicineae.       ^  «     ,    ,  11. 

///;  Selajfinella  spinnloea.    c,  central  cell ;  i,  neck-canal-cell ;       SUrrOUndcd    by    tabular   inVCSting 

cells;  in  others,  only  that  cell 
which  limits  the  egg  upon  its  under  side  is  marked  out  by  its  form  as 
a  basal  cell,  and  it  may  be  assumed  that  this,  like  the  cells  investing  the 
archegonium  of  the  Gymnospermae,  has,  although  in  a  minor  degree,  the 
function  of  conveying  nutrition  to  the  egg.  The  details  of  the  relationships 
of  cell-division  in  the  neck  are,  as  in  the  case  of  the  Bryophyta,  omitted 
here. 


C.     COMPARISON  OF  THE  DEVELOPMENT  OF 
ANTHERIDIA  AND  ARCHEGONIA, 

Within  the  Pteridophyta. 

A  comparison  of  the  development  of  the  embedded  antheridia  with  that 
of  the  arch^onia  brings  to  our  notice  a  fairly  far-reaching  conformity  to 


*  See  Bnichmann,  Untersuchungen  ubcr  Selaginella  spinulosa,  A.  Br.,  Gotha,  1897. 
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which  I  directed  attention  some  years  ago  ^.  We  do  not,  however,  know 
whether  this  is  original  or  only  accidental.  Both  in  the  young  antheridium 
and  the  young  archegonium  a  wall-layer  is  separated  from  an  internal 
portion  by  a  periclinal  wall ;  the  neck-cells  of  the  archegonium  correspond  to 
the  strongly-grown  wall-layer  of  the  antheridium.  In  the  free  antheridia 
the  analogy  apparently  fails,  but  it  yet  can  in  some  measure  be  followed  as, 
for  example,  in  Osmunda  (Fig.  133,  III)  where  an  inner  cell  is  separated 
from  an  outer  cell  by  the  wall  4  4.  This  corresponds  in  Fig.  133,  II,  to  the 
wall  2  2,  and  in  Fig.  133,  I,  to  the  wall  i  i,  whose  curved  relationship  is 
conditioned  by  the  form  of  the  mother-cell. 

The  Pteridophyta  and  the  Bryophyta. 

A  comparison  between  these  two  groups  is  of  importance  in  relation  to 
the  question  of  the  connexion  between  the  series,  as  will  be  evident  from 
what  has  been  said  previously  ^  In  such  a  comparison  the  Anthoce- 
roteae  have  frequently  been  brought  forward,  and  its  best  known  and  most 
widely  spread  member  is  the  genus  Anthoceros. 

Anthoceros  is  certainly  an  exceptional  type.  Its  cell-structure,  show- 
ing a  single  chloroplast  with  pyrenoid,  its  anatomical  construction  with 
mucilage-cavities  and  mucilage-splits,  the  origin  of  its  sexual  organs,  the 
structure  and  growth  of  its  sporangium,  all  show  deviations  from  other 
Hepaticae.  But  a  careful  examination  does  not  show  a  resemblance  with 
peculiarities  found  in  the  Pteridophyta.  The  mature  antheridia  are  con- 
structed like  those  of  other  Hepaticae  with  a  wall-layer,  stalk,  and  other 
parts,  and  its  cellular  construction  is  like  what  occurs  elsewhere  amongst 
Hepaticae,  dut  is  known  in  none  of  the  Pteridophyta,  To  homologate  the 
whole  antheridial  group,  with  a  single  antheridium  of  another  liverwort,  or 
of  a  fern,  because  it  proceeds  from  one  cell,  I  hold  to  be  a  purely  formal,  that 
is  to  say,  only  superficial,  comparison.  What  can  one  not  trace  ultimately 
to  a  single  cell  ?  But  the  endogenetic  origin  is  evidently  a  secondary  pheno- 
menon, that  is  to  say,  is  a  consequence  of  the  widely  spread  feature  of  the 
sinking  in  a  pit.  That  these  pits  are  closed  at  the  beginning  finds  an  analogy 
in  the  origin  of  the  air-chambers  of  Marchantia,  which  are  not  as  they 
appear,  though  in  Fegatella  they  really  are,  indentations  of  the  surface,  but 
from  the  beginning  are  spaces  closed  to  the  outside.  When  Campbell^ 
endeavours  to  find  an  analogy  between  an  antheridium  of  Marattia  and  an 
embedded  antheridium  of  Anthoceros,  which  is  covered  on  the  outside  by 
a  double  cell-layer,  and  to  do  so  has  to  imagine  the  wall-layer  and  the  stalk 
to  be  absent,  the  comparison  seems  to  me  to  be  bred  of  the  wish  to  discover 


'  Goebel,  Vexgleichende  Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Bottnik,  iii  (1884),  pp.  435-6. 
«  Sec  p.  8. 
'  Campbell,  The  Stractnre  and  Development  of  the  Mosses  and  Ferns,  London,  1895,  p.  398. 


Digitized  by 


QjOo^^ 


i86  SEXUAL  ORGANS  OF  PTERIDOPHYTA 

points  of  relationship  between  the  Bryophyta  and  Pteridophyta,  and  not  to 
be  founded  on  facts  ^ 

The  development  of  the  archegonium  of  Anthoceros  differs  also  from 
that  of  the  Pteridophyta.  We  recall  that  the  archegonium  in  all  Bryophyta 
is  primarily  laid  down  in  the  same  manner;  the  mother-cell  divides  by 
three  longitudinal  walls  into  an  inner  cell  and  three  outer  cells  which  again 
are  divided  by  longitudinal  walls  (Fig.  7).  Anthoceros  also  shows  the  same 
character,  only  the  mother-cell  of  the  archegonium  here  docs  not  project, 
but  remains  sunk,  and  the  mother-cell  of  the  neck  is  cut  off  from  the  oper- 
cular cell  (Fig.  7,  d).  No  archegonium  in  the  Pteridophyta  shows  a  develop- 
ment of  this  kind  ^,  Even  if  we  assume  that  the  neck-cells  of  the  archego- 
nium in  the  Pteridophyta  do  not  correspond  with  those  of  the  archegonium 
of  the  Bryophyta,  but  only  with  the  opercular  cells  (Fig.  7,  d)  which  then  have 
undergone  a  great  further  development,  Anthoceros  would,  indeed  in  the 
matter  of  the  development  of  its  archegonia,  be  further  separated  from  the 
Pteridophyta  than  other  Hepaticae  by  the  origin  of  its  neck-canal-cells. 
The  fact  that  notwithstanding  the  sinking  of  the  antheridium  in  Anthoceros, 
its  development  coincides  not  with  that  of  the  Filicineae,  but  with  that  of 
the  other  Hepaticae,  shows,  as  does  also  the  development  of  the  antheridium, 
that  in  Anthoceros  we  have  to  deal  with  a  derived  type  which  at  any  rate 
shows  no  near  relationship  to  the  Pteridophyta.  The  kinship  of  Anthoceros 
to  the  Pteridophyta  is  then,  so  far  as  the  sexual  organs  are  concerned,  a 
mistaken  one. 

The  result  of  our  comparison  then  is :  The  structure  of  the  sexual  organs 
within  the  Pteridophyta  is  a  systematic  mark  of  great  significance.  That  of 
the  archegonium  is  more  uniform  than  that  of  the  antheridium,  and  it  is 
essentially  the  number  of  the  neck-canal-cells  which  is  subject  to  variation, 
running  from  ten  to  one.  The  greater  number  is  the  more  primitive 
relationship.  The  embedded  type  of  antheridium  is  the  more  primitive. 
The  developmental  process  in  Equisetum  furnishes  valuable  points  for 
the  comparative  consideration  of  the  formation  of  the  free  antheridium. 
The  number  of  spermatozoids  appears  to  be  greater  in  the  embedded 
antheridium  than  in  the  free,  but  free  antheridia  are  more  numerous  than 


*  Waldner,  Die  Entwicklung  des  Antheridiums  von  Anthoceros,  in  Sitzungsberichte  der  Wiener 
Akademiei  Ixxv  (1887),  p.  81,  rightly  says :  *  The  differentiation  of  a  wall-layer  so  completely 
individnalized  in  the  antheridia  of  Anthoceros,  and  in  a  certain  sense  also  in  the  archegonia,  and 
the  circumstance  that  the  formation  of  this  envelope-layer  is  quite  like  that  of  the  other  Hepaticae, 
makes  the  assumption  probable  that  the  sinking  of  the  archegonia  and  the  endogenetic  origin  of 
the  antheridia  are  derived  features.' 

*  The  only  cases  which  could  be  quoted  are  those  of  Isoetes  and  Marsilia,  but  there  is  wanting  in 
them  all  proof  of  a  constant  arrangement  of  the  cells  in  the  origin  of  the  archegonium  resembling  that 
of  the  Bryophyta.  The  mother-cells  of  the  archegonium  are  cut  out  of  single  large  cells  of  the 
prothallus  and  this  is  connected  with  the  early  origin.  The  process  has  much  more  resemblance 
with  that  which  occurs  when  in  Equisetum  the  antheridia  are  laid  down  upon  a  cell-thread,  see 
p.  178. 
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embedded  ones.  The  structure  of  the  sexual  organs  is  alike  in  its  outlines 
in  Bryophjrta  and  Pteridophyta,  but  shows  in  the  development  and  in  the 
ultimate  details  so  many  differences  that  we  have  evidently  here  to  deal 
with  two  phyletic  series  of  which  the  higher  has  not  been  derived  from 
the  lower,  but  arising  at  an  early  period  from  simple  similar  primitive  forms 
they  have  followed  separate  paths.  Other  considerations  lead  us  to  the 
same  result. 

D.    ABNORMAL  SEXUAL   ORGANS. 

Abnormal  sexual  organs  are  of  interest  upon  many  grounds,  and  may 
fittingly  be  considered  here. 

In  ageing  prothalli  of  Hemionitis  palmata  and  Lygodium  japonicum 
I  have  frequently  found  ^  a  virescence  of  the  neck-portion  of  the  arche- 
gonium  (Fig.  139).  Whilst  the  neck  of  archegonia  in  which  fertilization 
was  not  effected  commonly  died  off,  in  many  cases  chlorophyll  appeared, 


Fig.  139.  Hemionitis  palmata.  Virrscent  arche- 
fooiom.  Pignre  to  the  left  in  t^ans^-ene  section. 
Fi^re  to  the  rieht  in  loneitndinal  section.  K^  neck- 
canal.  Several  antheridia,  A^  are  visible.  Mag- 
nified. 


and  the  cells  of  the  neck  grew  out  into  adventitious  shoots  which  ultimately 
produced  antheridia  (Fig.  139,-^),  and  also  effected  vegetative  propagation. 
We  may  consider  this  condition  as  one  of  senescence.  In  young  vigorous 
prothalli  the  meristem  draws  all  the  plastic  material  to  itself,  and  distributes 
this  proportionately  amongst  the  primordia  of  the  organs,  but  in  old  pro- 
thalli the  meristem  is  enfeebled,  the  division  of  labour  amongst  the  cells  is 
less  precise,  and  cells  which  otherwise  have  other  functions  may  now  take 
on  a  vegetative  character. 

Hofmeister^  also  mentions  a  case  of  abnormal  sexual  organs  in 
Asplenium  septentrionale,  where  the  neck  was  entirely  embedded  in  the 
prothallus. 

That  abnormal  sexual  organs  are  found  on  many  prothalli  which 
exhibit  apogamous  shoots  appears  to  me  to  be  a  point  of  importance,  and  it 
is  natural  to  assume  that  the  two  phenomena  stand  in  causal  connexion, 

*  Goebd,  Uber  Jogendformen  von  Pflanzen,  nnd  deren  kiinstliche  Wiederhervorrufung,  in  Sitzungs- 
berichte  der  bayerbchen  Akademie,  xxvi  (1896),  p.  475. 
'  Hofmeister,  Vergleichende  Untersnchimgen,  Leipzig,  1851,  p.  83. 
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that  the  apogamous  formation  of  new  plants  is  a  consequence  of  the  sexual 
organs  being  functionless.  It  is  not  always  the  case  that  a  functionless 
archegonium  has  the  outward  appearance  of  malformation,  although  this  is 
the  more  striking  condition.  An  apparently  normal  arch^onium  may  be 
functionless.  Heim  ^  has  shown  that  the  prothalli  of  Doodya  caudata  pro- 
duce first  of  all  normal  sexual  organs,  and  that  sexually  produced  embryos 
may  also  arise.  But  if  there  is  suppression  of  this,  apogamy  takes  place  and 
the  most  varied  malformations  of  the  sexual  organs  appear,  often  mixed  with 
normal  antheridia.  Abnormal  archegonia  are  also  found  in  the  apogamous 
prothalli  of  Aspidium  falcatum,  where  there  maybe  three  instead  of  four  neck- 
cells,  the  neck-canal-cells  may  divide  into  many  portions,  the  archegonium 
may  not  open,  and  so  forth.  In  Osmunda  the  neck-cells  divide  by  periclinal 
walls  in  archegonia  which  do  not  open,  and  thus  form  a  papilla  which  encloses 
the  archegonium.  All  these  phenomena  which  in  my  opinion  point  to  a 
degeneration,  have  as  a  consequence  the  asexual  production  of  new  plants 
on  the  prothallus.  The  condition  of  apogamous  prothalli  will,  however,  be 
referred  to  later  *. 


II 
THE  CONFIGURATION  OF  THE   PROTHALLUS 

The  gametophyte  of  the  Pteridophyta  has,  as  its  name  indicates,  the 
configuration  of  a  thallus.  Where,  as  is  the  case  in  the  prothallus  of  many 
species  of  Lycopodium  and  of  Equisetum,  lobes  are  developed  which 
physiologically  are  in  a  certain  degree  comparable  with  the  leaves  of 
Hepaticae,  we  do  not  designate  these  as  leaves  because  they  have  neither 
a  determinate  form  nor  a  definite  point  of  origin.  A  distant  approach  to 
the  formation  of  leaf  is  only  to  be  found  in  the  formation  of  lobes  upon  old 
prothalli  of  Osmunda ^  *  Hairs*  of  different  kinds,  and  in  some  cases 
'paraphyses'  amongst  the  sexual  organs  are  known  as  appendages  to  the 
prothallus  just  as  they  occur  in  thallose  Hepaticae. 

One-celled  rhizoids  act  chiefly  as  the  rooting-organs  of  the  pro- 
thallus as  in  Hepaticae.  But  this  is  not  always  the  case.  Bauke*  found 
rhizoids  divided  by  cross-walls  in  the  prothalli  of  Cyatheaceae,  and  they 


*  Heim,  Untersuchungen  iiber  Famprothallien,  in  Flora,  Ixxxii  (1896). 
'  See  p.  aao. 

*  Goebel,  Entwicklungsgeschichte  des  Prothalliums  von  Gymnogramme  leptophylla,  Desv.,  in 
Botanische  Zeitung,  xxxv  (1877),  P*  705- 

^  Banke,  Entwicklangsgeschicbte  des  Prothallinms  bei  den  Cyatheaceen,  verglichen  mit  derselben 
bei  den  anderen  Farrenkrautem,  in  Pringsheim's  Jahrbiicher,  x  (1876),  p.  64. 
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generally  exist  also  in  Danaea^.  They  are  probably  to  be  found  else- 
where, and  there  can  be  little  doubt  that  they  are  derived  from  unicellular 
ones.  These  pluri-cellular  rhizoids  have  only  slight  resemblance  to  those 
of  the  Musci  in  which  the  walls  are  oblique  *.  Rhizoids  are  wanting  in 
the  male  prothallus  of  the  heterosporous  forms  ^  and  also  in  the  female 
prothallus  of  Salvinia  and  Azolla.  As  the  macrospores  germinate  in  these 
genera  whilst  floating  in  water,  there  is  no  fixing  of  them  to  the  substratum, 
and  further,  as  the  development  of  the  prothallus  takes  place  exclusively  at 
the  cost  of  the  reserve-material  stored  up  in  the  macrospore,  it  is  easy  to 
imderstand  how  the  rhizoids  are  wanting.  In  Marsilia  and  Pilularia  the 
rhizoids  arise  relatively  late,  and  serve  only  as  temporary  fixing-organs 
until  the  root  of  the  embryo-plant  has  penetrated  into  the  soil.  In  Isoetes 
rhizoids  do  occur  upon  the  female  prothalli,  but  they  appear  rarely,  at  least 
in  the  aquatic  forms  which  have  been  investigated.  We  have  here  evidence 
of  a  reduction  in  the  prothallus  about  which  more  will  be  said. 

I.     DURATION  OF  LIFE. 

In  the  first  place,  however,  the  question  of  the  duration  of  life  of  the 
prothallus  must  be  discussed  because  the  structural  relationships  are  connected 
therewith.  Amongst  the  Hepaticae  only  a  few  monocarpic  forms  are  known, 
such  for  example  as  Sphaerocarpus  terrestris.  In  it  the  thallus  has  a  very 
simple  configuration  corresponding  to  its  short  duration  of  life.  But  in  the 
gametophyte  of  the  Pteridophyta  the  general  feature  is  that  it  dies  after 
producing  an  embryo.  It  is,  as  has  been  already  explained,  absorbed  by 
the  embryo.  An  exception  in  which  repeated  formation  of  an  embryo 
takes  place  is  perhaps  to  be  found  in  the  old  band- like  prothalli  of 
Osmunda.  It  will  be  shown  that  the  formation  of  the  embryo  may  b^n 
in  many  prothalli  of  Filicineae  at  so  early  a  stage  of  development  that  the 
relationships  of  configuration  which  are  possible  to  them  may  remain  latent ^ 
as  is  the  case  in  an  Angiosperm  which  has  been  dwarfed  through  unfavour- 
able nutrition,  where  all  the  forms  of  leaf  which  belong  to  a  *  normal '  plant 
before  it  flowers  may  not  appear.  Prothalli,  upon  which  the  act  of  fertiliza- 
tion has  not  been  performed,  may  grow  for  a  long  time,  but  in  them  sooner 
or  later  phenomena  of  senescence  appear,  showing  either  in  abnormal  con- 
formation or  in  the  development  of  adventitious  shoots  *.  It  would  perhaps 
be  possible  to  obtain  prothalli  of  Filices  showing  unlimited  duration  of 
development  if  they  were  cultivated  under  conditions  which  favoured  active 


^  Brebner,  On  the  prothallus  and  embryo  of  Danaea  simplidfolia,  in  Annals  of  Botany,  x  (1896), 
p.  109. 

•  Seep.  117. 

'  With  reference  to  the  cells  which  perhaps  act  as  substitutes,  see  p.  180. 

*  See  Part  I,  Fig.  20,  p.  49,  and  the  facts  there  stated. 
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vegetative  growth,  but  not  the  formation  of  sexual  organs.  Many  prothalli 
may,  in  addition  to  multiplication  by  adventitious  shoots,  also  form  gemmae, 
and  this  feature  has  appeared  independently  in  many  series  ^. 

In  the  heterosporous  Pteridophyta  the  shortly  limited  development 
of  the  prothallus  is  determined  from  the  outset.  The  whole  process 
may  be  passed  through  in  the  course  of  a  few  hours.  The  male  prothalli 
are,  from  the  beginning,  incapable  of  vegetative  development,  but  even 
the  female,  notwithstanding  the  supply  of  reserve-material  in  the  m^a- 
spore  which  is  at  their  service,  show  but  feeble  progress  in  the  way  of 
further  development  if  the  act  of  fertilization  is  not  performed  upon  them ; 
even  the  chlorophyllous  prothalli  of  Salviniaceae  and  Marsiliaceae  soon  die 
off.  They  are  in  our  experience,  if  one  may  use  an  old  theological  expres- 
sion *  predestined,*  their  lot  is  once  for  all  determined.  As  the  megaspores 
and  microspores  are  sown  together,  it  is  possible  directly  to  hit  upon  the 
time  of  the  formation  of  the  embryo  for  which  the  megaspore  possesses  the 
necessary  food-material.  The  homosporous  Pteridophyta,  on  the  other 
hand,  can  only  slowly  ripen  their  prothalli  and  the  material  which  is 
required  for  the  formation  of  the  embryo  is  only  acquired  by  their  own 
effort.  How  independent  of  external  factors  are  the  prothalli  of  hetero- 
sporous forms  is  shown  by  the  fact  that  the  germination  of  the  spores,  the 
development  of  the  prothalli,  the  fertilization,  as  well  as  the  production  of 
the  embryo  take  place  in  the  absence  of  light  in  Salvinia  and  Marsilia. 
But  in  the  homosporous  forms,  except  in  some  with  chlorophyllous  spores, 
light  is  an  essential  condition  for  germination,  and  the  configuration  and 
nutrition  of  tlie  prothallus  is  profoundly  influenced  by  it.  As  a  consequence 
these  prothalli  are  plastic ;  they  can  adapt  themselves  to  their  environment 
although  in  different  degree.  The  most  plastic  are  the  prothalli  of  Filici- 
neae,  and  we  find  that  the  leptosporangiate  Filicineae  at  the  present  day, 
both  in  number  of  forms  and  in  distribution,  are  at  the  head  of  the 
Pteridophyta.  Less  plastic  are  the  prothalli  of  many  Lycopodiaceae  whose 
behaviour  gives  us  the  impression  that  they  belong  to  an  old  family  not  up 
to  date;  the  prothalli  of  the  Equisetaceae  also  very  easily  succumb  in 
nature  to  their  enemies.  The  gametophyte  also  has  a  correlative  signifi- 
cance in  the  maintenance  of  forms.  This  is  most  prominent  in  the  Filices 
where  one  finds  prothalli  and  germ-plants  in  abundance,  and  some  forms, 
such  as  Anogramme  chaerophylla  and  A.  leptophylla,  Salvinia  natans,  and 
many  tree-ferns,  are  exclusively  maintained  by  their  gametophyte.  Equi- 
setaceae and  Lycopodiaceae  have  long-lived  sporophytes  capable  of 
vegetative  multiplication,  and  the  sexual  reproduction  is,  although  greater 
than  was  formerly  believed,  relatively  subordinate,  and  these  forms  would 
not  disappear  from  the  earth  even  if  their  gametophyte  were  entirely 
suppressed. 

*  Sec  p.  213. 
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2.  RELATIONSHIPS  OF  SYMMETRY. 
Radial  construction  of  the  prothalli  only  seldom  occurs,  and  in  this 
the  Pteridophyta  resemble  the  Hepaticae.  It  is  found  in  Lycopodium, 
Ophic^lossum  pedunculosum,  and  in  the  archegoniophore  of  some  species  of 
Trichomanes.  The  prothalli  of  Filicineae  and  Equisetaceae  are  markedly 
dorsiventral.  The  relationships  to  light  of  the  dorsiventrality  of  the  prothalli 
of  Filicineae  has  been  already  explained  ^  ;  but  dorsiventral  construction  is 
also  known  in  cases  where  there  can  be  no  effect  of  light,  for  example  in 
the  male  prothalli  of  Salvinia,  Isoetes,  Marsilia,  and  in  hypogeous  prothalli  of 
Botrychium  virginianum.     We  cannot  say  whether  in  such  cases  we  have  to 


Fig.  140.  Lycopodium  inandatam.  i,  few-celled  prothallas : 
R^  bamlar  celL  a»  prothalloa  with  antheridiam,  Am\  £/,  injurea 
cell.  3,  older  prothallas  with  antheridia,  An^  and  mertstem,  M\ 
U^  injured  cell ;  ^,  basilar  cell.  4,  prothallas  with  arche?onia,  A. 
and  an  embryo  showing  cotyledon,  C9,  and '  protocorm,  B.  All 
magnified;  alter DeBary. 


Fig.  141.  Lycopo- 
dium^nandatam.  Fto- 
thal'as  with  arche- 
gonia,  A.    Magnified. 


deal  with  an  *  inherited '  character  from  a  primitive  chlorophyllous  prothallus 
or  with  a  condition  produced  by  *  internal  causes/ 

3.     THE  GAMETOPHYTE  IN  THE  SEVERAL  GROUPS 
OF  PTERIDOPHYTA. 

We  must  now  shortly  describe  the  formation  of  the  prothallus  in  the 
several  groups  in  order  that  we  may  discuss  how  far  we  can  recognize  or 
construct  relationships  between  them.  We  shall  begin  with  the  Lyco- 
podineae  because  here  the  sexual  organs  show  a  relatively  primitive  con- 
struction as  has  been  already  indicated : — 

A.     GAMETOPHYTE   OF  THE  LYCOPODINEAE. 
Lycopodium^.     In  recent  years  the   formation  of  the  prothalli   in 


*  See  Part  I,  p.  229. 

^  Litenttnie:  De  Bary,  Uber  die  Keimung  der  Lycopodien,  in  Berichte  der  naturforschenden 
Gesellschaft  zn  Freiburg  i.  Br.,  1858  :  Fankhauser,  Uber  den  Vorkeim  von  Lycopodium,  in  Botanische 
Zeitung,  zxxi  (1873),  p.  i ;  Treub,  £tudes  sur  les  Lycopodiac^s,  in  Annales  du  Jardin  botanique  de 
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a  number  of  the  species  of  this  genus  has  been  made  known.  Some  of  the 
prothalli  are  chlorophyllous,  others  have  no  chlorophyll  and  are  saprophy- 
tic. It  is,  however,  probable  that  even  in  the  chlorophyllous  forms  there  is 
a  partial  absorption  of  organic  substance  through  symbiosis  with  a  fungus  \ 
The  configuration  of  the  prothallus  varies  somewhat  in  the  several  species. 

Chlorophyllous  prothalli.  Starting  from  the  chlorophyllous  prothalli 
such  as  we  find  in  Lycopodium  inundatum  and  L.  cernuum  we  find  a  body 
which  is  erect  in  the  soil,  comparable  in  form  with  a  miniature  beetroot 

It  bears  a  crown  of  lobes  above  and 
below  this  there  is  a  meristem  which 
encircles  the  prothallus  and  from  which 
new  lobes  may  proceed.  The  portion 
in  the  soil  is  poor  in  chlorophyll  and 
bears  rhizoids.  Both  antheridia  and 
archegonia  occur  together  upon  the 
prothallus,  and  as  in  most  Pteridophyta 
the  antheridia  appear  earlier  (Figs.  140, 
An ;  141,  A)  than  the  archegonia,  and  as 
regards  their  point  of  origin  are  less 
restricted  than  the  archegonia,  being 
found  both  upon  the  lobes  and  upon 
the  body  of  the  prothallus.  The  arche- 
gonia are  confined  to  the  meristem 
immediately  under  the  crown  of  lobes. 
The  prothallus  of  Lycopodium 
salakense  is  similarly  chlorophyllous, 
but  has  no  crown  of  lobes  or  only  an 
indication  of  these,  and  perhaps  this  is 
connected  with  the  fact  that  the  basal 
tuberous  portion  of  the  prothallus  is 
richly  branched^  and  these  branches  are 
the  biological  representatives  of  the 
lobes. 

Saprophytic  prothalli.  In  the  sap- 
rophytic forms  the  crown  of  lobes  is 
absent  from  the  prothallus,  and  this 
should  not  be  unexpected,  for  in  the  Spermophyta  it  is  common  to  find 
a  reduction  of  the  organs  of  assimilation  where  there  is  saprophytism. 

Bruchmann  has  shown  that  the  prothalli  of  Lycopodium  Selago  which 


Fig.  142.  Lycopodium  complanatam.  Prothat 
las  in  longitudinal  section,  j,  base,  in  oldest  part ; 
tf,  epidermis;  r,  cortical  layer;  /,  palisade-layer; 
Cy  central  tissue;  tn,  meristem:  /-,  'generative  tis- 
sue * ;  a»,  antheridia ;  ar.  archegonia ;  k^  young 
embryo.    Magnified  36.    After  Bruchmann. 


Bnitenzorg,  iv  (1884),  v  (1886),  vii  (1888)  ;  Goebel,  Ober  Prothallien  und  Keimpflanzen  von  Lyco- 
podium innndatnm,  in  Botanische  Zeitung,  xlv  (1887),  p.  161 ;  Bruchmann,  Cber  die  Prothallien 
and  die  Keimpflanzen  mehrerer  enropaischer  Lycopodien,  Gotha,  1898. 
^  See  p.  219. 
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are  commonly  hypogeous  and  colourless,  may  also  be  epigeous  and  are  then 
green.  This  alternation  can  be  artificially  brought  about,  although  in  less 
degree,  in  Lycopodium  clavatum,  L.  annotinum,  and  L.  complanatum. 
Mettenius  showed  that  the  hypogeous  prothalli  of  Ophioglossum  pedun- 
culosum  are  in  like  manner  capable  of  the  same  modification. 

Fig.  142  represents  a  longitudinal  section  through  a  prothallus  of 
Lycopodium  complanatum.  It  conforms,  excepting  in  its  remarkable 
anatomical  structure,  with  the  prothallus  of  Lycopodium  inundatum  and 
L.  cemuum,  only  the  lobes  fall  off  and  the  sexual  oi^ns  stand  upon 
the  swollen  upper  portion  of  the  prothallus,  below  which  there  is  also  a 
meristem. 

The  prothallus  of  Lycopodium  clavatum  is  similar  in  essentials,  its 
upper  part  being  only  relatively  broader  and  more  hollowed.  The  same 
may  be  said  of  the  prothallus  of  L.  annotinum. 

Dorsiventral  prothallus.  If  one  conceives  that  in  such  a  prothallus 
a  portion  of  the  marginal  zone  were  to  grow  out  strongly  and  become 
separate  from  the  others,  the  appearance  of  a  dorsiventral  prothallus  would 
be  produced.  This  takes  place  not  infrequently  in  Lycopodium  Selago. 
The  relationships  of  configuration  are  here  somewhat  manifold,  yet  are 
connected  with  the  forms  mentioned  above,  and  the  prothallus  is  markedly 
characterized  by  the  presence  of  segmented  hairs  (paraphyses)  between  the 
sexual  organs.  In  general  it  is  radial,  and  may  by  symmetrical  growth 
assume  a  cup-form.  Usually,  however,  single  portions  of  the  meristem  grow 
out  into  elongated  prothalli  which  then,  in  consequence  of  their  origin,  bear 
the  sexual  organs  only  upon  one  side,  whilst  the  rhizoids  are  distributed 
radially  at  the  base.  Such  forms  arise,  according  to  Bruchmann,  where 
the  prothalli,  owing  to  the  firmness  of  the  soil,  become  aggregated  on  its 
surface. 

Phlegmaria-type  of  prothallus.  With  these  dorsiventral  forms,  which 
can  be  traced  back  to  the  ordinary  prothallus,  I  connect  those  of  the  Phleg- 
maria-type.  Here  is  included,  according  to  Treub,  both  Lycopodium 
Phlegmaria  and  L.  carinatum,  and  in  the  main  features  also  L.  Hippuris 
and  L.  nummulariaefolium.  These  species  have  filiform  thin  prothalli,  un- 
limited in  their  apical  growth,  and  without  chlorophyll,  and  the  sexual  organs 
are  borne  on  one  side^  and  this  appears  to  me  to  be  an  important  6ict.  They 
have,  like  the  prothallus  of  Lycopodium  Selago,  paraphyses,  and  produce 
remarkable  gemmae  which  will  be  described  below.  The  early  stage  of 
the  development  is  not  known,  but  I  derive  them  as  unilateral  outgrowths 
from  radial  prothalli  like  those  which  occur  in  Lycopodium  Selago. 
Whether  this  derivation,  and  indeed  whether  the  whole  concatenation  of  the 
different  forms  of  prothalli  as  I  have  stated  them,  is  correct,  is  open  to  dis- 
cussion. It  appears  to  me,  however,  in  the  present  state  of  our  knowledge, 
to  be  natural,  and  I  can  see  no  valid  ground  for  regarding  the  gap  between 
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the  several  forms  of  prothalli  of  the  Lycopodia  to  be  so  great,  as  Treub 
and  Bruchmann  will  have  it  ^. 

Development  of  the  prothcdlus.  The  development  of  the  prothallus  of 
Lycopodium  from  its  germinating  in  the  spore  is  well  known  in  a  few  species 
only.  In  Lycopodium  inundatum  the  germinating  spore  divides  first  of  all  by 
a  cross-wall  into  a  basilar  cell  (Fig.i40,i,i?)  and  an  upper  cell  in  which  two 
series  of  segments  arise  by  inclined  walls  formed  alternately  right  and  left ; 
later  there  develops  the  body  of  the  prothallus,  upon  whose  apex  at  first  the 
prothalli-lobes  grow  out  (Fig.  140,  2).  Treub  found  that  in  Lycopodium 
cemuum  and  L.  inundatum  a  small  cell-body,  the  *tubercule  primaire,* 
develops  out  of  the  spore  quite  like  what  is  shown  in  Fig.  140,  i.  An 
arrest  in  the  development  then  ensues,  and  the  apical  cell  grows  out  into 
a  cell-row  which  then  is  transformed  by  division  into  a  cell-mass.  These 
cell-rows  become  very  long  in  the  absence  of  light,  and  as  in  the  prothalli  of 
Filices,  this  formation  may  be  again  caused  to  develop  in  feeble  light  upon 
young  prothalli,  and  perhaps  also  upon  enfeebled  old  ones.  They  can 
produce  secondary  tubercles  if  they  come  in  contact  with  the  soil 

In  the  saprophytic  prothalli,  where  the  relationship  to  light  is 
wanting,  a  similar  cell-body  may  grow  out  from  the  spore.  In  Lycopodium 
salakense,  and  occasionally  also  in  L.  cernuum,  many  branches  spring  out 
from  the  *  tubercule  primaire/  and  this  probably  accounts  for  the  &ct  that 
the  differentiation  of  members  is  less  rich  than  in  Lycopodium  inundatum. 
Features  that  are  analogous  in  some  measure  will  be  described  presently  in 
the  case  of  Anogramme  leptophylla. 

Selaginella.  The  formation  of  the  male  prothallus  has  been  described 
above  ^  and  we  have  therefore  only  to  refer  to  the  female  prothallus.  In 
it  there  is  little  to  remark  of  organographic  interest  A  cell-mass  fills 
the  megaspore  and  subsequently  ruptures  its  apex.  It  bears  some  arche- 
gonia,  and  forms  also  rhizoids,  but  is  incapable  of  further  vegetative 
development. 

In  most  species  of  Selaginella  which  have  been  examined,  the  develop- 
ment of  the  prothallus  begins  whilst  the  spore  is  still  within  the  megaspo- 
rangium,  and  proceeds  so  far  that  the  primordia  of  the  archegonia  are  laid 
down.  This  is  found  for  instance  in  Selaginella  Mertensii,  S.  lepidophylla, 
S.  erythropus,  S.  serpens,  and  others — all  anisophyllous  forms  ^.  In  the  only 
isophyllous  species  which  has  been  examined,  Selaginella  spinulosa*,  the 
development  of  prothallus  begins  only  after  the  scattering  of  the  spores. 


^  W.  H.  Lang;  The  prothallus  of  Lycopodium  clavatum,  Linn.,  in  Annals  of  Botany,  xiii  (1899), 
p.  378,  has  recently  arriTed  at  similar  condosions.  His  paper  only  became  known  to  me  after  my 
mannscript  was  completed.    The  facts  stated  by  Lang  confirm  those  of  Bmchmann. 

*  See  p.  i8a. 

»  See  Part  I,  p.  105. 

^  Bmchmann,  Untersachnngen  Qber  Selaginella  spinosa,  A.  Br.,  Gotha,  1897,  p.  4a. 
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The  procedure  in  the  formation  of  the  prothallus  ^  corresponds  in  nuclear 
division,  free  cell-formation,  and  so  forth,  with  that  in  Isoetes,  and  the  for- 
mation of  a  cell-mass  in  the  apical  portion  of  the  spore  is  rapidly  promoted, 
because  here  only  are  the  archegonia  laid  down.  But  the  sharp  limit  by 
means  of  a  'diaphragm  *  which  earlier  investigators  like  Hofmeister  and  Pfeffer 
described  as  existing  between  the  first-formed  and  the  later-formed  portions 
of  the  prothallus  has  no  existence.  The  *  rupture-tubercles '  which  Bruch- 
mann  has  discovered  in  the  prothallus  of  Selaginella  spinulosa  are  remark- 
able structures.  There  are  three  of  these  cellular  tubercles,  one  lying  under 
each  of  the  sutures  of  the  spore,  and  by  their  increase  in  volume  they 
bring  about  the  rupture  of  its  thick  envelope.  Upon  them  arise  also  the 
*  trichomes '  which  here  occur  as  long  unicellular  tubes,  and  which  we  must 
r^jard  as  somewhat  modified  rhizoids  serving  the  purpose  of  taking  up 
water,  although  they  do  not  enter  the  soil. 

B.     THE  GAMETOPHYTE   OF  EQUISETACEAE. 

The  prothalli  of  all  species  of  Equisetum  which  have  been  investigated, 
all  of  them  species  confined  to  Europe,  agree  in  being  usually  dioecious.  The 
dioecism  is,  however,  not  a  peculiarity  of  the  spore.  Poorly  nourished  prothalli 
are  male,  well-nourished  ones  are  female,  and  it  is  possible,  as  Buchtien  ^ 
has  shown,  to  induce  a  female  prothallus  to  develop  antheridia  instead  of 
archegonia  by  starving  it.  The  male  prothalli  are  not  essentially  different 
fi-om  the  female;  they  are  with  reference  to  the  female  ones  arrested 
formations  and,  as  elsewhere,  the  arrest  may  take  place  earlier  or  later. 
I  have  found,  moreover,  occasionally  monoecious  prothalli  in  Equisetum  pra- 
tense  ;  one  had  formed  an  embryo  between  the  lobes  ;  another  was  female  in 
one  longitudinal  half,  and  the  meristem  was  interrupted  by  an  ameristic 
zone,  after  which  came  the  male  half.  It  is  noteworthy  that  in  Equisetum 
the  female  prothalli  do  not  first  of  all  produce  antheridia^. 

The  female  prothallus.  This  has  some  resemblance  with  a  prothallus  of 
Lycopodium  cemuum  on  account  of  the  coronet  of  lobes  which  it  possesses 
and  the  meristem  which  lies  underneath  the  lobes.  But  there  is  a  funda- 
mental difference  in  symmetry.  The  prothallus  is  not  radial  but  dorsiven- 
traU  and,  as  in  the  prothallus  of  Filices,  we  have  an  illuminated  and  a  shaded 
side.     Upon  the  shaded  side  there  is  a  meristem  beneath  the  lobes  from 


'  See  Arnoldi,  Die  Entwicklung  dcs  weiblichen  Vorkeimes  bei  den  heterosporen  Lycopodiaceen, 
in  Botanische  Zeitimg,  liv  (1896),  p.  159. 

*  Bnchtien,  Entwicklnngsgeschichte  des  Prothallium  von  Equisetum,  in  Bibliotheca  Botanica, 
Tiii  (1887). 

'  In  most  homotporons  Pteridophyta  the  prothallus  produces  first  of  all  antheridia.  It  is  probable 
that  in  Equisetum  it  would  be  possible  by  feeding  to  cause  the  male  prothallus  to  develop  into  the 
female.  It  is,  howerer,  scarcely  to  be  expected  even  if  one  sowed  the  spores  singly  in  apparently 
quite  similar  conditions  that  they  would  aU  furnish  female  prothalli,  as  the  reaction  to  stimiUi  of  the 
spores  is  never  quite  the  same.    As  to  the  scattering  of  the  spores,  see  p.  575. 
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which  new  cells  are  developed  both  anteriorly  and  posteriorly*  On  the 
side  of  the  meristem  towards  the  lobes  archegonia  and  new  lobes  arise,  and 
thus  the  archegonia  come  to  lie  between  the  lobes  and  appear  pushed 
towards   the    upper    side  of  the  prothallus.     Towards  the  base  of  the 


Fig.  143.    Eqaisetaxn  pratenae.    Female  protballns  seen  from  below ;  A^  Ay  archen^ia.    Ma£ntfied  55. 

prothallus  new  rhizoids  appear.  The  meristem,  as  Fig.  143  shows,  is  not 
uninterrupted.  The  lobes  serve  partly  as  organs  of  assimilation,  and  partly 
as  organs  for  holding  drops  of  water,  and  thus  facilitate  fertilization.  The 
body  of  the  prothallus  stores  up,  as  in  Lycopodium  and  Filices,  a  reserve- 
material  which  is  used  by  the  growing  embryo  at  a  later  period. 

The  male  prothallus.    This  is  smaller  and  is  provided  with  smaller  and 
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fewer  lobes  (Fig.  132),  it  is  also  less  rich  in  chlorophyll  than  the  female. 
It  varies,  however,  in  bulk  according  to  the  environment  and  to  the  period 
of  its  development  at  which  the  formation  of  the  antheridia  sets  in,  and  this 
moment  depends^also  upon  the  environment.  If  the  antheridia  are  formed 
relatively  late,  the  male  prothallus  is  very  like  the  female ;  it  has  a  meristem 
which  produces  new  antheridia  anteriorly,  but  the  formation  of  lobes  from 
the  meristem  does  not  take  place,  and  this  is  specially  striking  where  female 
prothalli  have  been  transformed  into  male  ones.  If,  on  the  other  hand, 
formation  of  antheridia  takes  place  early,  we  commonly  find  that  the  pro- 
thalli are  ameristic^  and  then  they  bear  the  antheridia  at  the  points  of  their 
lobes.  It  is  manifestly  an  advantag^e  in  the  distribution  of  the  spermatozoids 
when  the  antheridia  are  not  interspersed  amongst  lobes. 

Development  of  the  prothallus.  The  earliest  stages  of  germination  of 
the  spores  of  Equisetum  are  strongly  influenced  by  external  conditions. 
As  they  contain  chlorophyll  they  are  able  to  germinate  right  away.  The 
mother-cell  of  the  rhizoid  is  first  of  all  cut  off  from  the  spore,  and  the 
rhizoids  are  negatively  heliotropic  in  strong  light,  but  if  the  atmosphere  is 
moist  they  do  not  pierce  the  soil,  being  evidently  affected  by  hydrotropism. 
In  feebler  illumination  within  a  moist  chamber,  the  rhizoids  are  positively 
heliotropic,  a  phenomenon  which  can  scarcely  have  much  significance  for 
their  life  under  normal  conditions.  In  favourable  conditions  of  illumination 
a  cell-row  proceeds  from  the  mother-cell  of  the  prothallus,  and  this  row  is 
developed  into  a  surface  which  branches  by  the  growing  out  of  single  cells. 
Upon  the  shaded  side  of  the  prothallus,  which  is  already  many  cells  thick, 
there  appears  then  a  meristem,  and  from  it  new  lobes  and  archegonia  are 
formed.  Strong  illumination  brings  about  an  earlier  formation  of  a  cell- 
surface,  and  where  there  is  a  copious  supply  of  food-material  a  cell-mass 
may  be  formed,  but  this  is  not  the  common  course  of  development.  We 
shall  find  quite  analogous  cases  of  such  plasticity  amongst  the  Filicineae. 

C.     THE  GAMETOPHYTE   OF  THE  FILICINEAE. 

The  relationships  of  configuration  of  the  prothalli  of  Filicineae  have 
been  the  subject  of  many  investigations,  nevertheless  our  knowledge  of  them 
is  not  wanting  in  gaps,  and  as  yet  the  prothallus  is  only  known  in  about 
a  tenth  part  of  the  species.  For  a  long  time  it  was  supposed  that  the  pro- 
thallus of  the  Filicineae  was  very  uniformly  constructed,  and  its  type  is 
figured  in  all  text-books  in  what  is  indeed  a  very  commonly  occurring  form, 
namely,  a  small  thallus  of  heart-like  outline  which  bears  upon  the  under 
side  behind  the  apical  indentation  the  sexual  organs — although  the  anthe- 
ridia may  also  occur  upon  the  one-layered  lateral  wings — and  rhizoids.  It  is 
clear  that  even  if  all  the  prothalli  of  Filices  appeared  alike,  this  would  only 
show  the  incompleteness  of  our  method  of  investigation,  because  the  pro- 
thallus of  Gleichenia  must  have  imvardly  quite  a  different  nature  from  that 
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of  Aspidium,  otherwise  its  fertilized  egg  could  not  produce  so  very  different 
a  plant.  The  ^g-cell  is  only  a  specially  formed  cell  of  prothallus,  and  is 
not  fundamentally  different  from  the  other  cells.  There  are,  however,  in  the 
external  relationships  of  configuration  many  more  differences  than  has  been 
supposed,  as  I  have  endeavoured  to  show  in  a  series  of  publications.  The 
prothallus  with  heart-like  outline,  far  from  being  typical,  is  only  a  single 
case,  no  doubt  widely  spread,  but  hardly  to  be  considered  as  the  primary. 

I.    THE   EUSPORANGIATE  FILICINEAE. 

Marattiaoeae  ^.  In  the  Marattiaceae  where  the  prothallus  is  known 
it  appears  in  the  form  which  has  been  referred  to  above  as  that  long  con- 
sidered '  typical.'  It  is  disting^shed  amongst  prothalli  of  like  outline  by 
its  dark-green  colour  and  by  itis  fleshiness,  and  this  extends  to  the  margins 
which  are  here  many-layered.  The  whole  prothallus  is  usually  from  the 
first  a  cell-mass.  It  is  also  distinguished  by  the  structure  of  the  sexual 
organs  which  have  been  already  described.  The  prothallus  of  Danaea  has 
pluricellular  rhizoids  \ 

Ophioglossaoeae.  The  prothalli  of  the  Ophioglossaceae  are  still  in- 
completely known,  but  they  have  this  in  common  that  they  are  hypogeous 
and  saprophytic  like  those  of  some  of  the  Lycopodia  : — 

Ophioglosflum.  In  the  genus  Ophioglossum  the  prothallus  has  only 
been  found  in  O.  pedunculosum,  and  this  by  Mettenius^  The  youngest 
prothalli  are  tubers  from  which  a  conical  projection  proceeds  and  this 
elongates  considerably,  exhibiting  unlimited  growth  at  its  apex.  This 
cylindric  prothallus  may  become  green  and  split  into  two  or  three  small 
lobes  in  the  light.  Can  this  be  an  indication  of  a  coronet  of  lobes? 
Mettenius  appears  to  r^ard  the  distribution  of  the  sexual  organs  on  these 
prothalli  as  radial.  Doubtless  the  prothalli  are  inhabited  by  a  fungus.  The 
prothallus  has  a  certain  resemblance  to  the  prothallus  of  the  Phlegmaria- 
type  of  Lycopodium,  but  the  resemblance  is  entirely  superficial. 

Botryohium.  With  regard  to  Botrychium  we  have  the  older  observa- 
tions of  Hofmeister*  on  Botrychium  Lunaria  and  the  more  recent  ones  of 
Jeffrey*  on  B.  virginianum.  The  tuberous  prothallus  of  B.  virginianum 
is  dorsiventral  and  bears  the  sexual  organs  upon  its  upper  side,  and  the 


^  Jonkman,  in  Archives  NtoUndaises,  xx  (1896) ;  id.,  Uber  die  Entwicklungsgeschichte  des 
Prothallium  der  Marattiacieen,  in  Botaniiche  Zeitmig,  xxxyi  (1878),  p.  129. 

*  Biebner,  On  the  Prothallns  and  Embryo  of  Danaea  simplicifolia,  in  Annals  of  Botany,  x  (1896). 
The  first  root  of  the  embryo-plant  has  plorioeUnlar  root-hairs,  a  drcnmstance  which  appears  to  me  to 
favonr  the  view  that  we  are  dealing  with  a  derived  character. 

*  Mettenins,  Filices  horti  botanici  Upsiensis,  Leipzig,  1856,  p.  119. 

*  Hofmeister,  The  Higher  Cryptogamia.    English  Edition,  Ray  Society,  London,  i86a,  p.  307. 

*  Jeffrey,  The  Gametophyte  of  Botrychium  virginiannm,  in  Studies  from  the  University  of  Toronto, 
Biological  Series,  1898. 
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meristem  of  the  prothallus  is  also  pushed  upwards.  Antheridia  first  of 
all  arise  on  a  ridge-like  projection,  on  both  sides  of  which  the  archegonia 
appear.  The  rhizoids  are  often  pluricellular,  especially  those  upon  the 
ridge  or  upon  the  flanks  of  the  prothallus  ^,  but  those  at  the  base  of  the 
prothallus  are  unicellular  tubes.  The  prothallus  is  always  inhabited  by  an 
endophytic  fungus.  Botrychium  Lunaria  probably  resembles  this  in  its 
main  features,  but  from  Hofmeister's  observations  we  learn  nothing  about 
the  position  of  the  sexual  organs  and  meristem.  In  both  cases  the  earliest 
developmental  stages  are  unknown  and  therefore  we  do  not  know  whether 
or  no  the  dorsiventral  prothallus  of  Botrychium  arises  by  a  unilateral  out- 
growth from  a  primary  radial  body.  The  position  of  the  sexual  organs 
upon  the  upper  side  is  manifestly  more  advantageous  for  fertilization  in 
these  hypogeous  prothalli,  than  would  be  their  position  upon  the  under 
side^,  as  in  the  Marattiaceae  and  others;  and  that  the  prothallus  is  not 
spread  out  as  a  surface  is  doubtless  connected  with  the  fact  that  it  does  not 
assimilate. 

2.    THE  HOMOSPOROUS    LEPTOSPORANGIATE  FILICINEAE. 

Hypogeous  prothalli  are,  so  far,  unknown  in  this  group.  Chlorophyll 
is  always  present,  except  in  the  male  prothalli  of  Salviniaceae  and  Mar- 
siliaceae.  There  is  one  circumstance  in  their  relationships  of  configuration 
that  deserves  notice  as  being  of  general  interest,  namely,  th^X  growth  of  the 
prothallus  is  often  arrested  by  the  production  of  an  embryo  at  an  early  period 
and  before  its  characteristic  peculiarities  appear.  Two  examples  may 
illustrate  this. 

Osmonda.  The  prothallus  of  Osmunda  is  evidently  heart-like  in  out- 
line like  that  of  the  Polypodiaceae.  If  it  is  not  arrested  in  its  growth  by 
the  early  formation  of  an  embryo,  it  takes  on  its  peculiar  and  characteristic 
growth-form :  it  grows  into  a  band-like  thallus  extremely  like  that  of  many 
Hepaticae,  attaining  a  length  of  over  four  centimeters  and  often  perennating 
for  many  years  ^.  The  cushion  of  tissue  on  the  under  side  which  usually 
serves  for  the  storing  up  of  food-material  is  developed  as  a  midrib  and  the 
arch^onia  are  arranged  to  right  and  left  of  it,  lobes  occasionally  shoot  out 
only  at  the  growing  point,  and  these  may  be  considered  a  rudimentary  leaf- 
formation  as  in  Dendroceros  *.  Formation  of  *  hairs '  does  not  occur  in  the 
prothallus  of  the  Osmimdaceae. 

Cyatheaoeae.  The  Cyatheaceae  furnish  a  second  example.  If  the 
prothallus  is  arrested  in  its  growth  in  consequence  of  the  formation  of 


^  May  these  not  rather  be  paraphysest 

*  Compare  also  a  like  condition  in  the  tuberons  archegoniophore  of  Anogramme. 

'  Goebel,  Entwicklnngsgeschichte  des  Prothalliums  von  Gymnogramme  leptophylla,  Desv.,  in 
Botanische  Zeitung,  xxxv  (1877),  p.  704. 

♦  Sec  pp.  36,  56. 
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embryos  at  a  time  when  it  has  not  yet  formed  its  peculiar  *  hairs/  these 
hairs  appear  as  bristle-like  cell-surfaces  on  both  sides  of  the  prothallus,  and 
also  upon  the  edge  in  Balantium  antarcticum. 

I  may  conclude  this  notice  of  these  facts  by  mentioning  some  other 
peculiarities  of  the  Cyatheaceae,  particularly  the  regular  and  sometimes 
very  early  branching  of  the  prothallus  in  some  forms.  This  occurs 
occasionally  also  in  Osmunda  (see  Fig.  ao,  Part  I),  and  in  the  old  prothalli 
of  Polypodiaceae,  but  in  Cyatheaceae  the  prothallus  may  at  a  very  early 
period  become  forked,  as  in  Hemitelia  (Amphicosmia)  Walkerae  (Fig.  144), 
or  many  vegetative  points  may  be  developed  through  branching,  as 
in  Hemitelia  gigantea.  These  phenomena^  are  of  interest  because 
they  furnish  an  indication  of  how  the  reduction  of  the  prothallus 
may  be  brought  about  by  the  shifting  of  the  inception  of  the  sexual 

organs  to  an  earlier 
period  in  the  develop- 
^v^  //jr       ment  of  the  prothal- 

lus. Such  reduction 
appears  in  a  very 
striking  manner  in  the 
male  prothalli  of  the 
heterosporous  Filici- 
neae,  and  in  badly- 
nourished  prothalli  of 
Filicineae  antheridia 
may     appear     when 

Fio.  144.     Hemitelia    (Amphicosmia)  Walkerae.     Development   of   pro*  /  *^* 

thallus.  I,  joang  prothaUos ;  wk.  rhizoid.  a  and  3,  older  prothalli,  each  Onlv  tWO  CCUs  haVC 
with  two  vegeutive  points,  v,  v.    Magnified  ;  i  more  highly  so  than  2  and  3.  '' 

been  formed. 
Folypodiaoeae.  In  the  Polypodiaceae  the  prothallus  has  always 
unicellular  *  hairs '  if  hairs  are  present.  Some  of  them  are  *  glandular  hairs,' 
some  of  them  are  *  bristle-hairs'  (Figs.  145, 146);  both  are  protective  organs 
against  the  gnawing  of  animals.  The  Dicksonieae  furnish  a  transition  to 
the  hair-formations  of  the  Cyatheaceae.  In  them,  both  upon  the  upper  and 
under  side,  as  well  as  upon  the  edge  of  the  prothallus,  there  are  gland-hairs 
which  have  a  basal  foot-cell  out  of  which  a  cell-row,  sometimes  branched, 
develops.  Exceptions  to  the  usual  heart-like  outline  of  the  prothallus  are 
found  in  some  epiphytic  Polypodiaceae,  as  well  as  in  the  Vittariaceae^  and 
species  of  Anogramme.  These  epiphytic  forms  have  long  band-like  pro- 
thalli with  no  cushion  of  tissue  upon  the  under  side,  and  the  prothallus  has 
many  layers  only  at  the  positions  where  the  archegonia  arise  (Fig.  145). 
This  condition  may  be  connected  with  the  epiphytic  method  of  life,  inas- 

'  The  analogous  condition  is  found  in  some  heart-like  prothalli  of  the  Polypodiaceae  and  Aneimia, 
where,  if  an  archegonium  is  fertilized  at  an  early  period,  there  is  unequal  development  of  the  wings 
of  the  prothallus,  and  one  of  them  may  be  entirely  suppressed.  '  See  p.  206. 
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much  as  such  epiphytic  prothalli  evidently  can  only  develop  archegonia 
in  special  favourable  conditions,  and  they  live  vegetatively  between  times ; 


Pig.  145.  Pohrpodinm  obliquatam. 
Prothallns  seen  from  below.  On  the 
margin  are  'bristle  hairi'  and  rhizotds, 
Wk.  On  the  sarface  two  groups  ojf 
archegonia  snrroanded  by  rhizoids.  It 
is  only  at  the  points  where  these  groups 
are  that  the  prothallos  is  many-layered. 
Magnified. 


Fig.  I  j,6.  Apex  of  a  band-like  prothallos  ^^nth  *  bristle  hairs.*  One 
of  these  bristle  hairs  shows  a  spiral  line  of  rupture  the  result  of  swelling 
in  potash  solution.     Highly  magnified. 


their  free  propagation  by  gemmae  which  will  be  presently  mentioned  ^,  may 
also  be  connected  with  this  epiphytism. 


Fig.  147.  Prothalli  of  Pilicineae  at  different  stages  of  development,  i,  Hymenolepis  spicata.  Young  pro- 
thallns. Below  the  ruptured  wall  of  the  spore,  j,  two-sided  apical  cell  cut  off  by  the  oblique  walls,  h,  h.  2^  an 
older  prothallus  of  a  species  undetermined.  The  two-sided  apical  cell  is  divided  by  a  periclinal  wall  which  initiates 
marginal  growth.  3  and  4,  Asplenium  Nidus.  A^  end-cell  of  the  prothallus,  the  meristem  arises  laterally.  All 
magnified. 

Prothalli  of  Polypodiaceae  with  Heart-like  Outline. 

The  prothallus,  with  heart-like  outline,  of  the  majority  of  the  Polypodia- 
ceae does  not  always  develop  in  the  same  manner.  In  germination  the 
cell-filament  is  first  formed  from  the  spore.     Its   length  depends  upon 

*  Sec  p.  214. 
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Pig.  148.  Acrostichnm  peltatam.  Sporangimn  in 
which  spores  have  germinated  while  it  was  still  attached 
to  the  sporophyte.  The  spores  have  formed  only  cell- 
rows.    Magnified. 
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external  factors.     I  have  already  pointed  out  when  speaking  of  the  Hepa- 
ticae  that  the  form  of  the  germ-plant  depends  upon  external  conditions,  and 

that  the  filamentous  form  is  always 
able  to  arrive  at  favourable  condi- 
tions of  illumination,  in  the  same 
way  as  these  are  attained  to  often 
by  the  seedlings  of  Spermophyta 
through  the  elongation  of  the  hypo- 
cotyl.  Now  in  the  Polypodiaceae 
this  filamentous  stage  is  not,  or  only 
rarely,  missed  out  even  in  the  most 
favourable  conditions  ^.  If  the  spores 
germinate  closely  together  this  stage 
persists  longer  (Fig.  150,  V),^xid  not 
infrequently  a  branching  of  the  thread 
may  take  place ;  where  the  spores 
germinate  isolated  in  most  favour- 
able conditions  of  illumination,  surface-growth  may  begin  in  the  second 

cell  of  the  thread  \  I 
found  this  to  be  the 
case  in  all  the  germ- 
plants  of  Pteris  longi- 
folia  which  were  ger- 
minated singly  upon 
mud.  There  can  be 
little  doubt  that  it 
would  be  possible  to 
retain  the  germ-plant 
longer  in  the  filamen- 
tous condition  by  sub- 
jecting it  to  other 
conditions  than  that 
of  feeble  illumination^, 
and  it  is  further  pos- 
sible that  this  stage 
could  be  again  called 
forth  at  a  later  period. 
Young      germ  -  plants 


Fig.  140.  Alsophila  aostralis.  Prothallas  which  has  reverted  to  the  forma- 
tion of  cell-threaas  in  consequence  of  unfavoarable  nutritive  conditions.  The 
two-sided  apical  cell,  the  segments  from  which  are  indicated  by  stronger  lines 
in  the  figure,  has  also  grown  out  into  a  cell-thread ;  IV^  rhicoids ;  A^  antheri- 
diom.    Magnified. 


'  There  can  be  little  doubt,  however,  that  just  as  in  Equisetum  this  can  be  artificially  achieved  by 
special  conditions  of  cultivation. 

'  The  first  cell  also  may  sometimes  tmdergo  division  by  a  longitudinal  wall,  and  it  is  probable 
that  by  definite  methods  of  culture  it  would  be  possible  to  cause  a  cell-mass  to  form  directly  out  of 
the  spore  after  the  fashion  which  is  sometimes  normal  in  the  Marattiaceae. 

*  In  Fig.  148  we  have  a  representation  of  a  sporangium  of  Acrostichum  peltatum  in  which  the 
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which  have  not  yet  formed  typical  meristem  easily  pass  over  again  into  the 
filamentous  stage  in  feeble  illumination  (Fig.  149),  in  the  same  way  as  I  have 
shown  this  to  be  the  case  in  Preissia  ^.  In  older  prothalli  this  only  takes  place 
if  they  have  lost  their  meristem  *  and  are  enfeebled  by  an  unfavourable 


Pig.  150.  1-1 V^  Pteris  longifolta.  Development  of  prothalli.  In  //the  first  cell  of  the  filamentous  part  of  the 
prothalhis  is  concealed  in  the  M>ore.  .9.  apical  cell;  V,  apical  meristem ;  v,  x'egetative  point.  F,  Acrostichom 
peltatnm  \  a  filamentons  prothallas  fnnn  the  germination  ofa  spore  within  the  sporangium,  as  shown  in  Fig.  148. 
All  magnified.    Further  description  will  be  found  in  the  text 

environmeirt.  Commonly  these  conditions  result  in  the  production  of  pluri- 
cellular  adventitious  shoots  ^.  The  *  light-optimum '  for  the  filamentous  forma- 
tion is  lower  than  that  for  surface-growth  *.     Surface-growth  is  initiated  in 


spores  have  germinated  whilst  the  sporangium  is  still  fastened  to  the  sporophyll.  They  have  aU 
grown  out  into  dark-green  cell-rows,  and  naturally  contain  only  a  very  small  amount  of  ash- 
elements. 

»  See  Part  I,  p.  239. 

^  Goebel,  t^r  Jngendformen  von  Pflanzen  mid  deren  kunstliche  Wiederhervorrufiing,  in  Sitzongs- 
berichte  der  bayerischen  Akademie,  1896.  '  See  pp.  a  13,  316. 

*  Longitodinal  divisions  may  take  place  in  prothalli  which  under  special  conditions  have  developed 
in  the  dark. 
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the  germ-thread  by  longitudinal  division,  usually  before — and  often  very 
early — the  first  rhizoid  has  gone  out  from  the  position  on  the  thread 
limited  by  the  spore-membrane.  Numerous  other  rhizoids  follow  the  first 
one  at  a  later  period,  and  these  issue  from  prothalli  growing  on  the  soil  in 
the  normal  position  always  on  their  under  side,  but  in  epiphytic  prothalli 
the  rhizoids  grow  also  from  the  margin  (Fig.  145).  It  is  not  my  intention 
here  to  depict  the  relationships  of  the  cell-arrangement;  I  may  merely 
point  out  that  at  the  end  of  the  young  cell-surface  a  two-sided  apical  cell  is 
found  commonly,  but  this  is  subsequently  divided  by  a  periclinal  wall  *,  and 
thus  marginal  growth  sets  in  (Fig.  147,  2).  The  two  wings  of  the  pro- 
thallus  are  developed  right  and  left  of  the  v^etative  point,  the  heart-like 
outline  is  attained  to,  and  then  b^^ins  the  formation  of  the  many-layered 
cell-cushion.  To  this  often-described  construction  I  must  merely  add  that 
the  two  wings  of  the  prothallus  are  not  of  the  same  age.  The  surface  of  the 
prothallus  which  first  develops  from  the  germ-thread  becomes  at  once 
the  one  wing,  and  the  meristem  which  forms  the  v^etative  point  of  the 
prothallus  comes  thereby  to  occupy  a  lateral  position,  and  underneath  it 
the  second  wing  of  the  prothallus  shoots  out.  Fig.  150  exhibits  this  process 
in  Pteris  longifolia.  Here  it  will  be  seen  that  a  one-layered  cell-surface  is 
formed  first  of  all  from  the  germ-thread  without  the  aid  of  an  apical  cell, 
and  the  anticlinal  walls  diverge  at  the  apex.  It  shows  also  the  method  in 
which  the  cells  become  chambered  in  the  older  stages  (Fig.  150,  //).  The 
intensity  of  the  cell-multiplication  remains  strongest  at  a  lateral  position  on 
this  cell-surface,  and  there  is  the  meristem  in  which  often  a  two-sided  apical 
cell  is  visible.  Below  this  meristem  then  shoots  out  the  second  prothallus- 
lobe  which  is  at  first,  naturally,  much  smaller  than  the  older  one,  but 
gradually  reaches  its  size.  In  this  case  the  cell-surface  which  first  arises 
forms  the  greater  part  of  the  first  lobe  of  the  prothallus — in  other  cases  it 
forms  only  a  small  portion  of  it  In  Fig.  147,  4,  for  example,  the  young 
prothallus  of  Asplenium  Nidus  is  represented,  in  which  the  meristem  lies 
laterally  in  an  earlier  stage  of  development  than  that  shown  in  Pteris 
longifolia  (Fig.  150).  If  we  compare  Fig.  147,  3,  we  shall  see  that  the 
meristem  proceeds  from  the  second  cell  from  the  apex  of  the  cell-filament 
which  ends  with  a  papilla.  In  Platycerium  ^  the  meristem  proceeds  from 
one  half  of  the  end-cell. 

I  have  here  shortly  referred  to  these  relationships,  not  because  they  are 
of  any  great  significance,  but  because  they  show  us : — 


'  In  Lygodinm  the  two-sided  apical  cell  persists. 

'  The  same  is  the  case  often  in  Aspidiom  Filix-mas  and  others.  In  Platycerium  the  meristem  may 
sometimes  be  terminal,  and  one  could  also  say,  in  cases  in  which  a  two-sided  apical  cell  arises  at  the 
point  of  a  cell-filament,  that  it  only  proceeds  out  of  one  half  of  the  terminal  celL  Such  considerations, 
however,  carry  us  no  further,  although  analogous  assertions,  such  as  that  the  embryo  of  Musci 
corresponds  only  to  one  half  of  the  embryo  of  Hepaticae,  are  even  now  repeatedly  made. 
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{a)  That  every  gradation  exists  betiveen  a  terminal  and  lateral  primar- 
dium  of  a  meristem. 

(6)  That  in  different  sections  of  the  Filicineae  both  conditions  occur. 

Thus  all  Gymnogrammeae,  so  far  as  we  know  the  development  of  their 
prothalliy  are  characterized  by  the  lateral  position  of  the  primordium  of 
their  meristem,  and  by  the  late  appearance  of  the  two  wings  of  the  prothallus. 
Among  the  Schizaeaceae,  Lygodium  terminale  has  terminal,  Schizaea  and 
Mohria  have  lateral  meristem.  If  the  formation  of  one  of  the  two  wings  be 
suppressed  we  pass  then  to  the  form  of  prothallus  like  that  of  Anogramme 
and  Vittaria  described  below.  I  do  not  believe  that  one  can  construct 
a  phyletic  relationship  between  apical  and 
lateral  position  of  meristem.  It  seems  to  me 
that  we  have  rather  before  us  an  instructive 
example  of  two  possible  developments  between 
which  one  and  the  same  species  may  oscillate, 
and  of  which,  so  far  as  our  present  knowledge 
permits  us  to  judge,  sometimes  one  sometimes 
the  other  is  become  dominant  in  more  than  one 
cycle  of  affinity,  although,  at  the  same  time,  it  is 
a  matter  of  indifference  from  the  point  of  view  of 
the  manner  of  life  which  of  them  obtains.  That 
the  heart- like  outline  of  the  prothallus  is  always 
finally  attained  to,  although  by  different  ways  in 
these  forms,  may  find  its  explanation  in  this,  it 
is  a  beneficial  configuration.  The  wings  lie 
loose,  seeing  that  they  develop  no  rhizoids, 
upon  the  surface  of  the  soil,  and  under  them 
drops  of  water  collect^  (Fig.  151),  which  then  can 
be  readily  absorbed  by  the  middle  portion  of  the 
prothallus  with  its  numerous  rhizoids.  The  pro- 
thallus of  Osmunda,  shown  in  Fig.  151,  was  the 

result  of  a  prolonged  culture  upon  a  substratum  very  poor  in  nutriment. 
It  was  weakly,  the  wing-formation  was  almost  entirely  suppressed,  no  arche- 
gonia  appeared,  antheridia  were  numerous  and  mostly  upon  the  edge. 
After  feeding  it  well  the  wing-formation  began  and  also  archegonia  were 
formed.  The  prothalli  of  Osmundaceae  revert  to  the  filamentous  form  much 
less  easily  than  do  those  of  other  ferns. 


Fig.  151.    Osmunda  regfalis.    Pro. 
thallus  which  was  at  first  badly  fed. 


and  therefore  was  almost  winc^ess 

This 

figure. 

!r  part  of  the  figure  shows 


and  with  mareinal  antheridia. 

le  low 


is  seen  in  the  lower  part  of  the  fir 

The  upper  part  of  the  figure  sh 

the  prothallus,  after  being  better  fed, 
where  broad  wings  have  developed, 
beneath  which  drops  of  water  (in- 
dicated by  dots)  collect. 


Prothalli  of  Polypodiaceae  wanting  the  Heart-like  Outline. 

Anogramme.    The  prothallus  of  the  genus  Anogramme  connects  with 
the  forms  in  which  the  formation  of  the  two  wings  takes  place  at  different 


'  How  they  arise  we  shaU  not  stop  to  inquire. 
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times.  On  account  of  its  noteworthy  adaptations  it  will  be  mentioned 
particularly  below  ^.  It  produces  only,  if  one  may  so  say,  one  wing  with 
lateral  meristem,  behind  which  there  is  formed  a  peculiar  tuberous  arche- 
goniophore.    The  prothallus  with  heart-like  outline  is  here  never  reached. 

Vittariaoeae.  The  Vittariaceae  also  have  not  prothalli  with  heart-like 
outline  in  the  cases  which  have  been  accurately  investigated.  There  arises 
in  the  first  instance  a  simple  cell-surface  with  marginal  growth.  This 
divides  into  lobes  (Fig.  153),  through  isolated  portions  of  the   meristic 


Fig.  152. 
nagnified. 


Vittaria.     i-6,  Formation  of  prothallus;   Ar,  archegonia;  E^  embryo;    Br^  gemmae. 
The  others  slightly  magnified. 


I,  highly 


margin  passing  into  a  permanent  condition,  and  thus  there  is  developed 
a  highly  irregular  lobed  body  in  some  ways  resembling  the  flat  protonema 
of  Sphagnum,  and  it  forms  marginal  groups  of  archegonia  which,  primarily 
arising  in  the  meristem,  are  separated  from  it  at  a  later  time  by  the  portions 
which  have  passed  into  the  permanent  condition. 

Hymenophyllum.    The  form  of  prothallus  of  Vittariaceae  leads  us  to 
that  of  Hymenophyllum.   Here  we  have  also  to  do  with  a  richly-branched. 


»  Seep.  216. 
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one-layered  prothallus,  upon  which  in  most  cases  only  the  many  cushions 
bearing  archegonia  are  many-layered.  The  meristem  is  mainly  limited  to  the 
points  of  the  lobes  of  the  prothallus,  and  the  lobes  are  more  band-like  than 
in  Vittaria.  The  rhizoids  arise  upon  the  margin.  A  portion  of  a  prothallus 
of  Hymenophyllum  axillare  is  represented  in  Fig.  153.  Cell-cushions 
bearing  archegonia,  A,  are  formed  at  five  positions  on  the  margin  of  the 
one-layered  prothallus.  These  cushions  are  originally  in  connexion  with 
the  apical  meristem,  as  is  shown  at  the  top  of  the  figure  to  the  right,  and  as 
the  tissue  of  the  cushion  retains  for  a  long  time  its  meristic  quality,  the 
cushion  often  projects  lobe-like  beyond  the  margin  of  the  prothallus.  The 
prothalli  may  multiply  vegetatively  by  dying  off  behind,  thus  isolating  the 
twigs;  but  the  prothalli  of  many  species  of  Hymenophyllaceae  possess 
special  propagative  organs 
besides,  as  will  be  shown 
below  ^ .  The  configuration 
of  the  prothallus  is  alike  in 
all  the  species  of  Hymeno- 
phyllum which  have  been 
examined  up  to  this  time — 
not  many  it  is  true. 

Triohomanes.  We  do 
not  find  this  similarity, 
however,  in  Trichomanes. 
The  prothalli  in  some  forms 
of  this  genus,  such  as  T. 
rigidum,  T.  diffusum  (Fig. 

154,/),  and  others,  diverge     A^tUfz^XT^^^^^tJ^' 
markedly  from  those  which 

have  been  already  described,  and  recall  the  habit  of  the  protonema  of 
the  Musci.  In  Trichomanes  rigidum  the  prothallus  forms  tufts  of  branched 
cell-threads,  most  of  which  are  epigeous,  but  some  also  run  hypogeously. 
Single  short  branches  become  archegoniophores  (Fig.  154,  //),  and  they 
develop  as  cell-masses,  whilst  the  antheridia  stand  upon  the  ordinary 
cells  of  the  filament,  a  difference  which  is  easily  understandable  from 
the  biological  side,  and  is  repeated  in  essentials  in  the  prothalli  of  other 
Filicineae.  The  arch^oniophores  are  cell-bodies  of  limited  growth  and 
the  archegonia  are  distributed  radially  upon  them.  Species  of  Tricho- 
manes, like  T.  sinuosum,  in  which  the  prothallus  is  not  merely  a  cell- 
filament,  but  also  a  cell-surface  which  has  only  limited  growth,  like  the 
organs  of  assimilation  in  the  protonema  of  Tetraphis  and  allied  Musci*, 
afford  a  transition   from   the  filamentous  prothallus  of  Trichomanes  to 


r  portion  of  a  prothallus  ; 


^  Seep.  ai4. 


*  Seep.  131. 
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the  surface-prothallus  of  Hymenophyllum.  The  groundwork  of  the 
whole  prothallus,  its  skeleton  so  to  speak,  is  formed  by  the  threads,  and 
these  also  spring  out  in  numbers  from  the  cell-surface  (Fig.  154, 7//)^ 
The  cell-surface  here  must  be  considered  as  a  transformation  of  the  cell-fila- 
ments, and  the  distribution  of  the  sexual  organs  also  confirms  this  view.  The 
antheridia  stand  on  the  cell-filament,  more  rarely  on  the  margin  of  the  cell- 
surface  ;  the  archegonia  stand  upon  the  archegoniophores,  which  are  formed 
as  cell-masses  at  the  end  of  short  filaments,  just  as  in  Trichomanes  rigidum, 
only  here  frequently,  but  not  always,  the  archegonia  have  a  dorsiventral 
distribution.  The  archegoniophores  can  grow  out  into  cell-surfaces  if  the 
formation  of  the  embryo  is  suppressed  ;  the  cushion  of  the  archegonia 
then  stands  on  the  margin  of  the  under  side  of  this  cell-surface,  and  the 
whole  reminds  one  of  the  behaviour  of  the  prothallus  of  Hymenophyllum. 
If  the  transition  from  cell-filaments  to  cell-surfaces  in  the  prothallus  of 
Trichomanes  sinuosum  takes  place  at  an  early  period  in  the  germination, 
the  cell-filament  will  appear  as  a  juvenile  stage  rapidly  passed  through ;  the 
cell-masses  which  are  to  be  designated  archegoniophores  with  unlimited 
growth  are  formed  then  directly  and  without  any  intervention  of  a  cell- 
thread  on  the  margin  of  the  cell-surface.  The  first  stages  of  germination 
suggest  such  a  derivation.  These  show  that  from  the  spore  there  usually 
arise  many  cell-filaments,  frequently  three,  which  I  have  observed  at  an  early 
period  becoming  branched,  although  this  is  not  the  case  in  Trichomanes 
maximum  and  T.  radicans  which  germinate  like  other  leptosporangiate 
Filicineae.  Of  the  three  cell-filaments  thus  initiated  all  may  develop  as 
cell-filaments  in  Trichomanes,  but  in  Hymenophyllum  one  quickly  passes 
over  into  a  cell-surface,  the  others  are  arrested. 

SUMMARY. 

When  we  review  the  facts  which  have  just  been  cited  regarding 
the  development  of  the  prothallus  in  the  Filicineae,  different  questions 
force  themselves  upon  us  ;  one  is.  Is  there  any  connecting-thread  between 
all  these  varieties  of  configuration?  Can  they  be  arranged  in  connected 
series  which  would  also  link  on  to  the  gametophyte  of  the  Musci  ?  I  have 
before  now  endeavoured  to  answer  this  question,  and  I  have  pointed  out 
that  if  we  seek  for  such  a  hypothetical  link  it  is  essential  to  keep  in  view 
the  configuration  of  the  gametophyte  of  the  Musci  as  it  appears  in  the 
mature  stage,  that  is  to  say,  at  the  time  of  the  formation  of  the  sexual 
organs,  as  this  is,  when  we  regard  it  from  the  standpoint  of  the  theory  of 
descent,  also  the  result  of  a  long  development  which  started  from  simple 
relationships  of  configuration.  We  may,  from  our  knowledge  of  the  con^ 
figuration  of  the  vegetative  body  produced  in  germination  in  many  Bryo- 
phyta,  conceive  these  simple  primitive  forms  to  have  had  a  configfuration  of 

*  Compare  the  analogous  case  of  the  leaves  of  Baxbaamia,  p.  1 27. 
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branched  threads  upon  which  the  sexual  organs  sat  ^.  The  portion  of  the 
filaments  which  bore  the  archegonia  achieved  a  more  massive  develop- 
ment in  correspondence  with  its  ^need  *  of  a  better  nutrition^  and  it  became 
a  cell-mass  as  we  find  it  in  Trichomanes  rfeidum — ^an  archegoniophore.  In 
Trichomanes  sinuosum  we  see  this  grow  out  into  a  surface,  and  thus  the 
configuration  of  the  prothalli  of  other  Filicineae  is  approached.  If  we 
suppose  that  this  assumption  of  vegetative  activity  of  the  archegoniophore. 


Pig.  154.  Trichomanes.  Fonnation  ot  prothallas.  »T.  diffosom.  Youn|r  fihunentoos  prothallns  ;  Sy  spore 
which  has  developed  cell-filainents  in  three  directions  x  Rk^  rhixoids.  If^  T.  riridom.  Portion  of  filamentous  pro- 
thallns  with  two  archegoniophores.  ///;  T.  sinnosom.  Prothallos  showing  habtt.  Prom  the  cell-sarface  filaments 
pass  oat  which  £rive  ongin  to  new  ceU'Sttrfaca  ^  A^  position  of  an  arch^roniophore.  IV^  T.  sinnosom.  Portion  of 
a  filamentoas  prothallns  bearing  two  archegoniophores  which  pass  over  roto  cell-surfaces,  /and  ///,  slightly  mag- 
nified.   11  wad  IV,  highly  magSified.  *        »~  *~  »      K     /       1; 

which  renders  possible  a  rapid  nutrition  of  the  embryo,  was  begun  at  an 
early  period  of  development,  the  filamentous  phase  of  development  of  the 
prothallus  would  be  shortened.  It  would  appear,  as  in  most  of  the  lepto- 
sporangiate  Filicineae,  only  in  the  first  steps  of  development,  and  might  be 
entirely  lost  And  thus  a  cell-body  might  arise  in  the  germination  at  once 
similar  to  that  which  is  found  in  many  examples  both  of  the  Hepaticae  and 
of  the  Musci.  Finally  we  see  that  the  different  forms  of  surface-formation — 
terminal  and  lateral  meristem,  heart-like  and  simple  surface-formation — are 


^  Compare  Bnxbaamia,  p.  127. 
P 
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connected  with  one  another  by  transition.  We  observe  then  the  connexion 
between  the  forms,  but  whether  this  corresponds  with  a  phyletic  series 
is  altogether  uncertain.  We  can  also  here,  as  has  been  already  pointed  out 
in  the  case  of  the  Musci,  invert  the  series,  and  may  start  from  forms  which 
b^n  with  massive  prothalli,  like  those  of  Lycopodium,and  which  then  from 
a  radial  construction  pass  over  into  the  dorsiventral,  as  we  have  observed  it 
in  Lycopodium  Selago,  and  we  may  consider  the  formation  of  cell-filaments 
as  merely  an  adaptation  to  the  environment.  There  is  indeed  at  the  present 
time  nothing  to  indicate  why  within  the  Hymenophyllaceae,  which  are 
so  wide-spread  yet  occur  under  similar  conditions  of  life,  the  species  of 
Trichomanes  should  have  mainly  a  filamentous  prothallus,  whilst  species  of 
Hymenophyllum  ^  have  a  surface-prothallus.  In  the  present  state  of  our 
knowledge  we  must  not  reckon  upon  discovering  any  certain  phyletic 
indication  in  the  prothallus ;  we  must  simply  content  ourselves  with  recog- 
nizing the  connexions  whose  genetic  significance  remains  uncertain.  It  has 
already  been  shown  that  the  structure  of  the  spermatozoids  makes  improbable 
a  monophyletic  origin  of  the  Pteridophyta,  and  the  similarities  which  exist, 
for  example,  between  the  prothallus  of  Ophioglossum  and  that  of  Lycopo- 
dium, do  not  require  us  to  ascribe  to  these  a  genetic  relationship.  It  is  much 
more  probable  that  these  resemblances  have  come  about  like  those  of  the 
formation  of  the  thallus  of  many  Hepaticae  *,  in  which  we  can  certainly 
\xz!C^  parallel  lines  of  formation  which,  stSirting  from  different  simple  forms  ^ 
have  arrived  at  similar  conformations.  Within  single  natural  groups  also 
one  may  well  recognize  a  conformity  in  the  formation  of  the  prothallus 
which  is  expressed  in  the  possibility  of  arranging  them  in  series,  as  we  have 
endeavoured  to  do  for  the  Hymenophyllaceae  and  other  Filicineae,  but  as 
soon  as  we  pass  beyond  this  we  always  reach  uncertain  ground  which 
indeed  offers  a  favourable  field  for  hypotheses,  but  is  not  one  upon  which  to 
raise  a  surely  founded  superstructure. 

3.    THE  HETEROSPOROUS  LEPTOSPORANGIATE  FILICINEAE. 

We  must  now  say  something  regarding  the  heterosporous  lepto- 
sporangiate  Filicineae.  It  is  only  necessary  to  deal  with  the  female 
prothallus  ^  

*  If  the  configuration  of  the  prothallas  of  the  HjrmenophylUoeae,  especially  that  of  Trichomanes, 
were  an  adaptation,  one  would  expect  similar  phenomena  in  other  forms  under  similar  life-conditions, 
and  we  find  in  the  sporophyte  of  some  of  the  Polypodiaceae,  for  example  Asplenium  obtusatum 
f.  aqnatica,  of  the  Osmundaceae  species  of  Todea,  and  others,  adaptations  quite  like  those  in  the  leaves 
of  the  Hymenophyllaceae.  Up  till  now,  however,  no  case  has  become  known  of  the  prothalli  of  any 
of  the  above-mentioned  forms  conforming  with  those  of  the  Hymenophyllaceae.  They  all  resemble 
those  of  allied  forms.  This  does  not  mean  that  such  cases  may  not  exist,  but  the  position  of  the 
archegonial  cushion  in  Hymenophyllum  could  scarcely  be  considered  as  an  adaptive  character,  and 
it  appears  to  me  very  doubtful  whether  adaptation  can  be  proved  in  the  other  peculiar  features  of  the 
prothallus. 

•  See  p.  35.  'See  p.  180. 
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SALVINIACEAE,  The  female  prothallus  of  Salviniaceae  resembles  that 
of  Marsiliaceae  in  so  far  as  it  is  only  formed  at  the  apex  of  the  megaspore 
(Fig.  156) ;  the  greater  portion  of  the  internal  space  of  the  megaspore 
remains  as  a  reservoir  of  reserve-material.  The  prothallus  is  chlorophyllous 
and  in  varying  degree,  that  of  Salvinia  has  much,  that  of  Azolla  caroliniana 
very  little  chlorophyll. 

Salvinia.  The  prothallus  of  Salvinia  possesses  meristem^  and  thus 
approaches  also  most  nearly  that 
of  the  other  ferns.  In  Fig.  155,  //, 
is  shown  a  prothallus  of  Salvinia 
natans  viewed  from  the  upper  side. 
It  has  the  shape  of  an  equilateral 
triangle  with  blunt  angles^.  The 
portion  ending  in  the  angle  turned 
towards  the  lower  part  of  the 
figure  remains  sterile,  whilst  three 
archegonia  are  produced  towards 
the  opposite  subtending  side.  If 
fertilization   is  affected  in  one   of 


—  HfW 


Pig.  155-  Salvinia  natans.  /.  megaspore  germinat. 
inir ;  tf,  archegoniom:  ^  apical  ridge.  //,  prothallna 
isolated  seen  from  above ;  three  archegonia  and  the 
mother-cell,  m,  of  a  fourth  are  visible ;  sk,  apical  ridge 
of  meristem ;  F.  position  whence  the  wings  are  de- 
veloped.   Magnified.    /  After  Pringsheim.    //  After 


Pig.  156.     Salvinia  natans.     Germinated  megaspore; 

f>rothallas  and  embryo  in  longitudinal  section  in  the  median 
ine  of  the  prothallus.  spw^  portion  of  wall  of  sporanginm  ; 
P^  periniom ;  «,  exine ;  «,  cavity  of  the  spore;  pr^  prothal- 
las ;  or.  neck  of  arch^^nium ;  embr^  embryo ;  j/,  apex  of 
stem ;  f^  foot ;  blubhjliy  the  first  three  leaves.  Magnified 
too.    After  Pringsheim.    Lehrb, 


these  archegonia  no  more  are  developed,  but  otherwise  new  archegonia 
arise  out  of  the  meristem,  sk.  We  may  say  that  the  whole  prothallus 
corresponds  somewhat  with  the  cushion  of  tissue  of  the  prothallus  of  one  of 
the  Polypodiaceae,  only  that  the  archegonia  arise  here  upon  the  upper 
side.  Two  wings  arise  at  a  later  period  out  of  the  meristem,  but  they  do 
not  extend  forwards  but  backwards.  It  is  scarcely  likely  that  these  wings 
correspond  with  those  of  the  prothallus  of  the  Polypodiaceae ;  they 
probably  serve  to  increase  the  absorptive  surface  of  the  prothallus,  and 


*  The  whole  prothallas  is,  however,  curved  like  a  saddle  (see  Fig.  155,  /). 
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take  a  share  in  adding  to  the  ash-constituents  of  the  embryo.  The 
capacity  for  growth  of  the  apex  of  the  prothallus  is  limited,  just  as  it  is  in 
the  Polypodiaceae.  There  are  formed  from  it  a  great  number  of  arche- 
gonia,  but  there  is  no  vegetative  development,  although  this  were  perhaps 
possible  if  the  formation  of  archegonia  were  suppressed  ^. 

AzoUa.  The  female  prothallus  of  Azolla  ^  is  smaller  and  more  reduced 
than  is  that  of  Salvinia,  and  there  appears  to  be  no  formation  of  meri- 
stem  in  it  It  produces  first  of  all  one  archegonium,  and  if  fertilization  is 
effected  in  this  one  no  more  are  produced  ;  if  fertilization  does  not  take  place 
more  archegonia  arise  up  to  about  ten  K 

Marsiliaceae.  In  the  Marsiliaceae  but  one  archegonium  is  pro- 
duced. The  prothallus  here  develops  rhizoids,  and  if  no  fertilization  takes 
place  upon  it,  it  exhibits  an  exuberant  growth  ;  but  it  does  not  form  new 
archegonia  nor  adventitious  shoots,  and  soon  withers.  The  reason  for  the  re- 
duction in  the  number  of  the  archegonia  may  in  some  measure  be  understood, 
I  think,  when  we  look  at  it  from  the  biological  standpoint.  In  Marsilia  and 
Pilularia  the  megaspores  and  microspores  are  always  distributed  together. 
That  an  archegonium  should  remain  unfertilized  is  here  an  occurrence  which 
is  rare  relatively  when  compared  with  the  case  of  homosporous  ferns.  In 
Salvinia  fertilization  is  less  certain,  but  it  is  made  more  probable  by  the 
longer  duration  of  active  arch^onia  through  their  formation  anew.  In 
Azolla  the  frothy  masses  in  which  the  microspores  are  aggregated  possess 
the  remarkable  hooks  {glochidid)  through  which  they  become  anchored,  so 
to  speak,  to  the  megaspores  *,  and  therefore  fewer  archegonia  appear  to  be 
necessary  here.  We  may  say  then  generally  that  the  number  of  archegonia 
varies  inversely  with  the  certainty  of  fertilization.  Where  fertilization 
appears  to  be  certain  few  archegonia  are  produced.  If,  on  the  other  hand, 
there  is  a  risk  of  its  failure,  many  archegonia  are  produced. 

4.    ISOETACEAE. 

I  may  conclude  this  account  of  the  formation  of  the  prothallus  by 
a  short  description  of  that  in  Isoetes,  which  occupies  so  isolated  a  position. 
The  very  simple  formation  of  the  male  prothallus  I  have  already  men- 
tioned *.  The  female  prothallus  fills  as  a  cell-tissue  the  whole  interior  of 
the  megaspore,  but  it  forms  no  chlorophyll,  and  projects  only  slightly  out 

^  This  wonld  be  very  difficult  to  bring  aboat  because  the  megaspore  contains  food-material  suffi- 
cient to  make  the  prothallus  independent  of  light. 

*  The  megaspores  of  Azolla  germinate  under  water,  and  subsequently  rise  to  the  surface  of  the 
water.  I  observed  the  same  in  Marsilia  Drummondi ;  it  is  only  with  the  development  of  the  inter- 
cellular spaces  in  the  embryo-plant  that  the  whole  structure  is  able  to  float  to  die  surface.  Mega- 
spores within  which  no  fertilization  has  taken  place  remain  submerged;  see  Goebel,  Pflanzen- 
biologische  Schildeiungen,  iii  (1893),  p.  272. 

'  In  Salvinia  there  may  be  four  times  this  number. 
*  See  p.  21S.  •  See  p.  i8t. 
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of  the  ruptured  wall  of  the  megaspore.  The  course  of  its  development 
accords  with  that  in  the  megasporf  of  SelagJnella  ^,  and  also  with  the  forma- 
tion of  the  prothallus  in  the  m^aspore  of  the  Gymnospermae.  As  in 
Selaginella,  the  prothallus  shows  to  a  certain  extent  a  polar  differentiation 
as  its  formation  begins  at  the  apex  of  the  spore,  and  there  alone  the  arche- 
gonia  are  formed  in  limited  number.  So  far  as  we  know  the  prothallus  is 
incapable  of  becoming  green  or  of  developing  further.  There  is  no  doubt  that 
the  female  prothallus  of  Isoetes  resembles  much  more  that  of  the  Lycopo- 
diaceae  than  that  of  the  heterosporous  Filicineae,  but  we  know  only  the 
heterosporous  forms  of  leptosporangiate  Filicineae,  and  with  these  Isoetes 
has  but  little  in  common. 


Ill 
ASEXUAL  PROPAGATION   OF  THE  PROTHALLUS 

Adventitious  Shoots. 

It  has  been  already  pointed  out  that  the  prothallus  may  propagate 
itself  vegetatively  and  perennate ;  that  from  the  old  cells  that  have  already 
passed  into  a  permanent  condition  new  formations  may  start,  and  these  may 
grow  out  into  prothalli.  These  are  the  so-called  adventitious  shoots.  All 
prothalli,  however,  have  not  this  capacity.  Adventitious  shoots  are  unknown 
in  Lycopodium  annotinum,  L.  clavatum,  L.  complanatum,  whilst  from 
broken-off  portions  of  the  coronet  of  lobes  in  Lycopodium  inundatum  new 
prothalli  may  proceed.  Bruchmann  also  found  adventitious  shoots  on  pro- 
thalli of  Lycopodium  Selago  ^  which  were  either  old  or  had  an  injured  apex, 
conditions  which,  as  I  have  previously  shown,  have  to  be  considered  in 
connexion  with  the  prothalli  of  Filicineae  ^.  The  question  of  the  capacity 
for  regeneration  in  the  Equisetaceae  requires  new  investigation.  Buchtien  * 
denies  the  possibilities,  yet  I  see  no  reason  why  it  should  not  occur.  In  the 
homosporous  Filicineae  the  formation  of  adventitious  shoots  is  extraordinarily 
common,  but  I  do  not  require  to  mention  the  details. 

Gemmae. 

The  formation  of  special  asexual  organs  of  propagation  which  are 
designated  gemmae  or  brood-buds^  occurs  in  the  prothalli  of  some  species 


^  See  Araoldi,  Die  Entwicklungsgeschichte  des  weiblichen  Vorkeimes  bei  den  heterospozen  Lyco- 
podimceen,  in  Botanische  Zeitung,  11  v  (1896),  p.  160. 

'  Adveotitions  shoots  also  appear  in  Lycopodiom  Phlegmaria. 

»  See  Part  I,  p.  49. 

*  Buchtien,  Entwicklungsgeschichte  des  Prothallium  von  Equisetum,  ia  Bibliotheca  Botanica,  viii 
(1887),  p.  24. 
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of  Lycopodium,  and  also  in  many  Hymenophyllaceae  and  Vittariaceae,  and 
thus,  as  in  the  Hepaticae,  formation  of  gpmmae  has  arisen  frequently  and 
independently  in  different  series  of  the  Pteridophyta,  as  a  '  character  of 
adaptation.' 

Lyoopodinm  Phlegmaria.  Treub  found  in  Lycopodium  Phlegmaria 
two  kinds  of  gemmae,  ordinary  ones,  and  those  with  thickened  outer  wail. 
The  former  are  ovoid  cell-bodies  seated  upon  a  short  stalk  \  and  they  grow 
out  directly  into  the  new  cylindric  prothallus.  Thick-walled  gemmae 
arise  from  the  prothallus  when  it  finds  itself  under  unfavourable  conditions 
for  vegetation,  and  they  consist  of  few  cells,  each  of  which  has  a  thick 


PlO.  157.    Hymenophyllaceae.    Ponnation  of  gemmae  on  the  prothallus.    i,  Trichomanes  rig^idom ;  B^  gemma : 
T,  sterigma.    Prom  a  specimen  collected  in  Veneniela.    a,  Hymenophyllom  sp. ;  j/,  steiigma :  wA,  primorainm  ot 

1  of  gemma. 


iliizoid.  Prom  a  specimen  collected  in  Java.    3, 4, 5.  Trichomanes  venosom ;  B,  gemma ;  tSVstengina ;  F^  developing 
stalk  for  a  gemma.  Prom  a  specimen  collected  on  the  Black  Spur  Monntains,  Australia.   6,  Germination  0  ' 


outer  wall.  These  gemmae  are^  essentially  resting  buds,  and  they  secure 
the  perennation  of  the  prothallus  when  the  conditions  are  unfavourable. 

Hymenophyllaoeae.  Gemmae  are  known  in  the  species  both  of  Tricho- 
manes and  Hymenophyllum.  I  have  already  carried  back  the  gemmae  of 
many  Hepaticae  *  to  the  formation  of  brood-cells,  which  frequently  develop 
further  even  upon  the  mother-plant,*  and  this  holds  also  for  the  gemmae  of 
the  prothalli  of  Filicineae.  It  is  sufficient  to  refer  to  Fig.  157  in  order  to 
make  clear  the  relationships. 

Vittariaceae.  In  Vittariaceae  ^  gemmae  are  known  in  Vittaria,  Mono- 
gramme,  Hecistopteris,  where  they  appear  in  the  form  of  cell-rows.  The 
two  end-cells  are  distinguished  from  the  others  which  contain  chlorophyll 


^  Gemmae  may  also  proceed  from  the  paraphyaes  of  the  sexual  organs. 

'  Goebel,  Morphologische  und  biologische  Stndien  :  II.  Zor  Keimongsgeschichte  einiger  Fame,  in 
Annales  du  Jardin  botaniqne  de  Buitenzorg,  vii  (1888},  p.  78 ;  id.,  Hecistopteris  cine  verkannte 
FamgattODg,  in  Flora,  Ixxzii  (1896),  p.  67. 
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and  starch  by  their  smaller  size,  and  by  the  absence  of  chlorophyll,  or  by 
its  small  quantity.  One  of  them  shows  an  almost  circular  brown  fleck,  the 
position  at  which  the  gemma  was  attached  to  its  stalk-cell.  These  stalk- 
cells  are,  just  like  those  of  Trichomanes  shown  in  Fig.  157,  not  ordinary 
cells  of  the  prothallus,  but  special  outgrowths  upon  the  prothallus,  and  they 
may  be  designated  sterigtnata.  Many  sterigmata  may  arise  upon  one 
cell  of  a  prothallus,  and  many  gemmae  may  be  formed  from  each  sterigma, 
consequently  the  number  of  buds  produced  is  immense.  The  gemmae  arise 
upon  the  sterigmata  originally  as  narrow  outgrowths  which  are  subse- 
quently constricted  at  their  base,  at  which  point  they  become  separated 
from  the  sterigma  by  a  wall,  and  each  outgfrowth  is  the  mother-cell  of 
a  gemma.  This  mother-cell  divides  then  by  cross-walls,  and  the  gemma 
Anally  separates  and  forms  a  new  surface-prothallus.  Large  gemmae  may 
give  rise  to  two  prothalli. 

It  appears  to  me  probable  that  the  formation  of  gemmae  has  origi- 
nated, especially  in  these  prothalli  of  the  Pteridophyta,  because  th^forma- 
Hon  of  the  embryo  is  often  hindered  for  a  long  time  by  the  conditions  of  life. 
At  any  rate  the  formation  of  gemmae  furnishes  a  means  for  unlimited  pro- 
pagation of  the  prothallus  independently  of  the  germination  of  the  spore. 


IV 

PHENOMENA  OF  ADAPTATION   OF   THE  PROTHALLUS 

The  reason  why  we  should  expect  fewer  striking  and  less  numerous 
phenomena  of  adaptation  in  the  prothalli  of  Pteridophyta  than  in  the 
Hepaticae  has  been  already  stated  ^ 

Relationships  to  Water. 

There  are  no  special  contrivances  for  the  holding  of  water— if  we 
except  the  formation  of  lobes  in  the  prothalli  of  Lycopodium  inundatum 
and  L.  cemuum  as  well  as  in  the  female  prothallus  of  Equisetum  * — and  up 
till  now  arrangements  for  the  tiding  over  of  a  period  of  drought  have  been 
found  only  in  two  species*  of  the  genus  Anogramme,  and  these  take  the 
form  of  the  production  of  tubers  which,  as  we  know,  occur  also  in  many 
Hepaticae  '. 

Anogramme  ohaerophylla.      It  has  been  already  pointed  out  that 


»  Seep.  189.  *  Seep.  195. 

'  It  appears  to  me  prot>able  that  analogons  conditions  occur  in  other  Filidneae,  as  the  formation 
of  sderotia  occurs  in  different  cycles  of  affinity  in  the  Hepaticae.    See  p.  66. 
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Anogramme  belongs  to  that  group  of  Filicineae  in  which  the  prothallus 
with  heart-like  outline  does  not  appear,  and  indeed  we  might  regard  the 
prothallus  of  Anogramme  chaerophylla  \  as  it  is  shown  in  Fig.  158,  as  quite 
that  of  Gymnogramme  or  of  Pteris  longifolia,  on  which  the  second  wing 
had  not  yet  been  developed,  and  the  meristem  was  lateral.  Old  prothalli 
are  funnel-shaped,  not  flattened  as  is  usually  the  case  elsewhere,  and  a  tuber- 
cular archegoniophore  ^  arises  behind  the  meristem  instead  of  the  usual  flat 
cell-cushion  bearing  archegonia.  This  archegoniophore  pierces  the  soil. 
Its  hinder  portion  elongates  mostly  into  a  stalk,  the  front  portion  bears 
a  roundish  tubercle  within  which  is  much  starch  and  other  reserve-food. 
The  tubercle  is  thus  very  like  tubercles  which  we  have  seen  in  many 
Hepaticae  and  is  in  a  condition  to  persist  through  dry  periods,  and  if  it 


^    ^^^ 


Pig.  ijA.    Anogramme  chaei 


rophylla. 
swnat  old 


I,  yoancr  prothallus  spread  ont  upon  which  an  archegoniophore,  F^  is 
'   v;   ^.  probably  original  apex  of  prothallus; 
oniopnore.    5,  prothallus  issuing  from  a  tuber, 
is  shooting.    All  magnified. 


bears  an  embryo  this  is  in  a  position  to  develop  rapidly  with  the  advent  of 
more  favourable  vegetative  conditions.  Should  the  formation  of  the  embryo 
be  suppressed,  there  is  formed  from  the  tuber  a  new  lobe  of  a  prothallus 
which  then  later  will  form  a  tuberous  archegoniophore  (Fig.  158,  3,  4). 
Adventitious  shoots  may  sometimes  develop  into  similar  tubers  in  other 
positions  upon  the  prothallus,  and  these  are  then  simply  resting  vegetative 
sclerotia,  and  they  appear  only  when  the  conditions  of  nutrition  are  bad. 
It  is  probably  the  external  conditions  which  determine  whether  an  adventi- 
tious shoot  of  the  ordinary  kind  or  one  in  the  form  of  a  sclerotium  shall 
arise,  just  as  these  determine  the  development  of  the  resting  gemmae  in 
Lycopodium  Phlegmaria. 

Anogramme   leptophylla.     The  relationships    in  the   widely-spread 


'  See  Goebel,  Ober  die  Jugendzustande  der  Pflanzcn,  in  Flora,  Ixxii  (1889),  p.  21. 
^  This  term  of  Bower's  is  preferable  to  '  frnit-shoot/  the  one  I  nsed  earlier. 
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Anogramme  leptophylla  ^  are  somewhat  more  complex.  Its  sporophyte  is 
annual,  as  is  that  of  A.  chaerophylla.  The  prothallus,  like  that  of  A.  chaero- 
phylla,  is  a  spathulate  cell-surface  which  is  funnel-shaped  and  not  flat 
(Fig.  159),  and  which  can  branch  and  form  lobes  somewhat  after  the 
fashion  of  that  in  Vittaria.  The  tuber-like  archegoniophore,  however,  does 
not  arise  upon  the  lobes,  or  does  so  only  in  a  few  exceptional  cases ;  but  the 
base  of  the  cell-surface  which  is  many-layered  produces  a  new  cell-surface 
of  h'mited  growth*, and  this  forms  upon  its  under  side  a  tuberous  archegonio- 
phore, or  at  its  base  brings  forth  a  new 
cell-surface,  and  so  on.  From  one  spore 
there  proceed  therefore  a  great  number 
of  surface-prothalli  which  are  connected 
at  their  base,  and  the  youngest  of  these 
produces  the  archegoniophore.    Their 


Pig.  159.    Anogramme  (Gymnogrramme)  leptophylla.    Two  prothalli  to  show  habit.    To  the  left  a  prothallus 
with  tober  in  profile  view.    To  the  right  a  prothallas  seen  from  aoove.    Magnified  about  4. 

great  assimilating  surface  enables  them  to  produce  larger  tubercles  than  is 
the  case  in  A.  chaerophylla,  and  as  in  that  species  these  form,  when  no 
embryo  arises,  two  or  it  may  be  three  surface-prothalli.     The  prothallus  in 
this  species  is  then  pre-eminently  fitted  to  withstand  a  period  of  drought. 
Aquatio  prothalli.     In  prothalli  which  are  adapted  to  a  water-life  we 


'  See  Goebd,  Entwicklungsgeschichte  des  Frothalliums  von  Gymnogramme  leptophylla,  Desv.,  in 
Botanische  Zeitimg,  zzxv  (1877),  p.  697  ;  id.,  Uber  die  JugeDdzustande  der  Filanzen,  in  Flora,  Izxii 
(1889),  p.  25. 

'  This  recalk  the  behaviour — mutatis  mtitandis^-oi  Lycopodium  salakense,  where  many  prothalli 
shoot  ont  from  the  '  tnbercule  primaire.'  In  both  cases  we  have  to  deal  with  a  derived  phenomenon. 
I  have  recently  found  like  appearances  in  Mohria  cafTromm. 
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find,  as  we  might  expect,  arrangements  which  stand  in  relation  to  their 
method  of  life.  These  will  be  in  part  mentioned  when  dealing  with  the 
sporangia  ^.  Here  I  merely  point  out  that  the  microspores  of  the  Salvinia- 
ceae  are  not  scattered  singly,  they  would  be  very  easily  swept  away  if  this 
were  the  case^.  In  Salvinia  they  remain  as  a  frothy  mass  embedded 
within  the  microsporangium,  and  burst  through  the  sporangial  wall  in 
germination.  In  Azolla  their  relationships  are  still  more  remarkable,  for 
there  is  formed  within  the  microsporangium,  not  one  mass  enclosing  the 
microspores,  but  many,  the  so-called  massulae^  and  these  reach  the  water 
by  the  rotting  of  the  sporangial  wall.  They  have  numerous  stalked  hooks 
{glochidia)  by  means  of  which  they  are  able  to  anchor  to  the  rough  envelope 
of  a  m^aspore — one  of  the  most  remarkable  arrangements  for  securing 
fertilization  ^. 

Symbiosis  with  Fungi. 

We  have  already  referred  to  the  remarkable  symbiosis  of  Cyanophy- 
ceae  and  some  Hepaticae*,  regarding  the  biological  significance  of  which  it 
is  only  possible  to  put  forward  conjectures.  In  the  gametophyte  of  the 
Pteridophyta  a  symbiosis  such  as  that  in  the  Hepaticae  which  presupposes 
the  existence  of  mucilage-chambers  is  excluded.  It  turns  up,  however,  in 
the  most  remarkable  manner  in  the  sporophyte  of  Azolla.  On  the  other 
hand,  the  gametophyte  of  many  Pteridophyta  harbours  fungi,  and  there  is 
not  the  slightest  doubt  that  they  live  in  a  number  of  cases  in  a  state  of 
reciprocal  symbiosis,  and  not  as  simple  parasites  in  the  prothallus.  Prob- 
ably they  bring  about  decomposition  of  organic  remains  in  the  substratum 
and  thereby  contribute  to  the  saprophytic  nutrition  of  the  prothallus. 
They  are  found  particularly  in  all  prothalli  which  have  no  chlorophyll, 
those,  for  example,  of  the  Ophioglossaceae  *,  and  of  many  species  of  Lycopo- 
dium  in  which  a  remarkable  formation  of  tissue  is  part  of  the  consequence 
of  the  presence  of  the  fungus.  There  are  probably  gradations  between 
cases  in  which  the  fungus  inhabits  the  prothallus  as  a  harmless  parasite,  and 
those  in  which  it  is  of  use  to  the  prothallus.  Experimental  investigation 
can  alone  clear  up  this  point.  In  what  follows  I  state  shortly  the  most 
important  morphological  facts,  beginning  with  the  simplest  cases : — 

Polypodiaoeae.  The  prothalli  of  Polypodium  obliquatum  ®  and  some 
undetermined  allies  have  the  rhizoids  almost  always  infected  with  fungi,  and 
the  mycelium  is  found  also  in  the  cell  from  which  the  rhizoids  spring  as 


'  See  p.  494. 

*  We  may  compare  the  bundles  of  floatiDg  pollen  in  Zostera. 

•Seep.  aia.  *  See  p.  78. 

'  The  existence  of  the  fungns  in  Ophioglossnm  pednncnlosom  is  not  mentioned  by  Mettenios,  bat 
there  can  be  little  donbt  that  it  is  present  there. 

*  See  Goebel,  Morphologische  and  biologische  Stadien:    II.  Zur  Kdmungsgeschicbte  einiger 
Fame,  in  Annales  dn  Jardin  botaniqae  de  Baitenzorg,  vii  (1888),  p.  76. 
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a  fine  coil  of  hyphae.  The  fungus  here  gives  the  impression  of  being  a 
harmless  parasite. 

Hymenophyllaoeae.  Infection  by  fungi  through  the  rhizoids  takes 
place  in  the  prothallus  of  Trichomanes.  All  the  tufts  of  prothalli  of 
Trichomanes  rigidum^  which  I  examined  showed  the  fungus,  but  always 
limited  to  a  relatively  small  number  of  the  cells  near  the  soil,  which  were 
frequently  swollen  and  poor  in  contents.  * 

Ophioglossaeeae.  In  Botrychium  a  considerable  number  of  the  cells  of 
the  prothallus  are  inhabited  by  an  unsegmented  mycelium  which  enters 
through  the  rhizoids,  the  hyphae  swell  between  the  cells  and  frequently 
become  vesicular.  Jeffrey*  found  in  older  prothalli  which  had  produced 
embryos  that  the  fungus  was  dead  and  shrivelled,  but  this  does  not  prove 
that  it  was  digested  by  the  cells  of  the  prothallus. 

Lyoopodiaceae.  The  relationships  are  not  everywhere  alike  in  the 
prothalli  of  species  of  Lycopodium.  Endophytic  fungi  are  found  in  all, 
with  the  exception  of  L.  nummulariaefolium,  Bl.^  I,  however,  can  refer  here 
only  to  one  most  interesting  case  as  an  illustration.  The  one  I  take  is  that  of 
L.  complanatum,  for  the  knowledge  of  which  we  have  to  thank  Bruchmann. 
The  fungus  in  this  species  has  an  intimate  connexion  with  the  anatomical 
construction  (see  Fig.  142).  We  can  recognize  beneath  the  meristem  in  the 
beetroot-like  portion  of  the  prothallus  the  following  tissues :  the  central 
tissue,  palisade-like  cells  surrounding  it,  and  the  tissue  of  the  rind,  the  cells 
of  which  inhabited  by  the  fungus  have  a  darker  content.  The  cells  are 
filled  with  fine  hyphae-coils  which  are  in  contact  with  the  outer  world 
through  individual  rhizoids,  the  fungus  in  some  cases  passing  throughout 
the  whole  length  of  a  rhizoid.  The  rhizoids  are,  as  in  other  prothalli 
of  Lycopodium,  relatively  few  in  number.  The  fungus  is  not  able  to  pierce 
the  palisade-cells,  but  only  runs  between  them,  and  as  plastic  material  is 
stored  up  in  them  it  is  highly  probable  that  the  fungus  shares  in  the  process 
of  storage.  The  central  tissue  serves  for  the  transport  of  food-material  and 
perhaps  also  for  water-storage.  This  highly  differentiated  anatomical 
structure  gives  us,  however,  no  ground  for  considering  that  the  prothallus 
is  really  a  stem  reduced  by  its  saprophytic  mode  of  life.  We  have  seen  in 
the  Hepaticae  that  the  thallus  of  many  forms,  for  instance  the  Marchan- 
tieae,  has  a  much  more  cjiflferentiated  construction  than  the  shoot  of  the 
foliaged  forms. 


^  See  Goebel,  Archegoniatenstudien :  I.  in  Flora,  Ixxvi  (Erganzungsband  zum  Jahrgang  1892), 
p.  106. 

'  Jeffrey,  The  Gametophyte  of  Botrychium  virginianum,  in  Studies  from  the  University  of  Toronto, 
Biological  Series,  1898. 

»  Treub,  Etudes  sur  les  Lycopodiac^  in  Annales  du  Jardin  botanique  de  Buitenzorg,  vii  (1888), 
p.  147,  says  nothing  about  an  endophytic  fungus  in  Lycopodium  salakense,  but  as  the  prothallus 
conforms  in  every  way  with  that  of  L.  cernuum  and  L.  inundatum  I  think  we  may  assume  it  exists. 
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Distribution  of  the  Sexual  Organs. 

This  subject  has  been  often  referred  to  in  the  preceding  pages,  and  here 
it  is  only  necessary  to  refer  shortly  to  its  biological  interest.  The  prothalli 
in  most  of  the  Pteridophyta  produce  first  of  all  antheridia  and  then  arche- 
gonia,  and  then  at  a  later  period  antheridia  again.  The  formation  of  male 
prothalli  is  easily  induced  by  unfavourable  environment.  Such  prothalli 
are  frequently  ameristic.  There  are,  however,  amongst  the  Filicineae  cases 
in  which  well-nourished  prothalli  produce  only  archegonia,  for  example  in 
Lygodium  and  Mohria  caffrorum  according  to  Bauke,  in  Onoclea  Struthio- 
pthoris  according  to  Douglas  Campbell,  and  in  Gieicheniaceae  according 
to  Rauwenhoff,  who  calls  such  prothalli  apandrous.  But  it  is  questionable 
how  far  we  have  here  to  deal  with  a  constant  relationship  ;  it  is  much  more 
probable  that  in  most  cases  definite  external  conditions  yet  unrecognized 
bring  about  the  passing  over  of  the  stage  of  formation  of  antheridia.  I  have 
always  found  both  antheridia  and  arch^onia  upon  the  prothallus  of  Mohria. 
Heim's  investigation  of  Lygodium  give  different  results  from  those  of  Bauke, 
for  he  showed  that  in  this  genus  the  antheridia  appeared  after  the  arche- 
gonia. In  Equisetum  also  the  prothalli  are,  as  has  been  shown  above, 
dioecious,  but  the  dioecism  is  cancelled  by  external  factors. 

The  position  of  the  sexual  organs  and  the  rare  occurrence  amongst  them 
of  *  paraphyses,'  to  which  we  can  ascribe  the  same  function  as  in  the  Bryo- 
phyta,  do  not  call  for  detailed  treatment  here. 

Apogamy. 

Farlow  was  the  first  to  show  that  the  embryo-plant  in  Pteris  cretica 
arose  by  vegetative  sprouting,  and  not  from  the  fertilized  egg.  De  Bary, 
Leitgeb,  Heim,  W.  H.  Lang,  and  others  have  investigated  this  remarkable 
condition,  and  have  proved  its  occurrence  in  a  great  number  of  Filicineae. 
I  do  not  intend  to  treat  this  subject  with  any  fullness  here  ^,  I  wish  only 
to  state  some  fundamental  points. 

In  the  first  place  one  must  remember  that  the  ^g,  while  certainly 
different  from  the  other  cells  of  the  prothallus,  is  only  a  special  construction- 
form  of  these.  Then  it  has  been  already  shown  ^  that  in  many  apogamous 
prothalli  normal  sexual  organs  in  the  first  instance  appear,  and  these  are 
followed  by  abnormal  ones,  and  that  a  change  in  the  constitution  of  the 
sexual  organs  may  be  considered  as  probably  the  cause  of  the  appearance  of 
apogamous  shoots.  In  Doodya  caudata,  for  example  (Fig.  160)*,  papillae 
are  frequently  produced  from  malformed  sexual  organs  upon  the  under  side 


*  Sec,  for  a  comprehensive  statement,  Sadebeck,  Pteridophyta,  Einleitmig,  m  Englcr  and  Prantl, 
Die  natiirlichen  Pflanzenfamilien,  1898. 

»  See  p.  188. 

•  Heim,  Untersuchungen  iiber  Famprothallien,  in  Flora,  Ixxxii  (1896). 
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of  the  prothallus,  and  on  these  young  plants  then  arise.  It  is  remarkable 
that  in  the  formation  of  these  young  plants,  the  single  organs— first  leaf, 
vegetative  point  of  the  shoot,  root — are  laid  down  independently  of  one 
another  as  in  the  true  embryo,  and  it  is 
the  rule  that  the  individual  parts  of  the 
sporophyte  appear  independently  of  one 
another.  W.  H.  Lang  has  recently  ob- 
served sporangia  upon  apogamous  pro- 
thalli,  and  if  we  must  assume  that  these 
are  placed  upon  an  extremely  rudimen- 
tary sporophyte  we  have  a  very  re- 
markable shortening  of  the  development 
which  is  of  extreme  interest  for  the  theory 
of  inheritance  and  development.  We 
might  find  in  these  facts  a  support  to  the 
assumption  that  for  each  organ  or  com- 
plex of  organs  there  exists  a  definite 
material  carrying  the  inheritance,  which 
usually  appearing  late,  may,  under  ab- 
normal relationships,  appear  early.  The 
same  may  be  said  in  a  certain  sense  also 
of  the  anatomical  relationships.  Tracheids, 
for  example,  which  normally  belong  only 
to  the  sporophyte,  may  appear  also  in 
the  apogamous  prothalli  of  Filicineae, 
although  the  formation  of  the  organs  of 
the  sporophyte  is  not  reached.     It  even 

appears  in  apogamy  that  there  is  a  jumbling  together  of  the  different 
organs  such  as  has  been  shown  to  occur  in  other  malformations^. 


Fig.  i6a  Doodjra  caadata.  Apoj^amy  in  a 
prothallus.  Papillae  are  seen,  ana  apon  these 
yoanji^  plants  arise.    After  Heim. 


'Sec  Part  I,  p.  196. 
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THE   SPOROPHYTE   IN   THE   PTERIDOPHYTA 
AND   SPERMOPHYTA 

There  is  so  great  a  resemblance  in  the  formation  of  the  organs  of  the 
sporophyte  in  the  Pteridoph)^ta  and  in  the  Spermophyta  that  we  may  take 
the  two  groups  together.  In  the  •  typical '  cases  we  find  that  the  vegetative 
organs  are  roots  and  leafy  shoots,  and  the  reproductive  organs  are  spor- 
angia^ in  both  groups  or  ag^egate  of  groups,  and  whilst  there  are  many 
differences,  both  in  the  external  configuration  and  in  the  inner  structure  of 
these  organs  in  the  two  gfroups,  yet  in  essentials  they  are  alike. 

THE   ORGANS  OF  VEGETATION 


INTRODUCTION 

In  the  first  part  of  this  book  I  have  pointed  out  the  general  features 
of  the  vegetative  organs.  If  we  distinguish  root  and  shoot  as  fundamental 
organs  this  is  only  based  upon  the  fact  that  they  are  the  most  important 
and  are  the  most  generally  distributed.  I  have  also  shown  ^  that  all  organs 
cannot  be  referred  back  to  transformations  of  root,  shoot-axis,  and  foliage- 
leaf.  Anchoring-organs,  such  as  we  find  in  many  Podostemaceae,  furnish 
us  with  an  illustration.  They  serve  to  fix  to  their  substratum  these  plants 
which  grow  in  flowing  water.  In  Fig.  i6i  is  shown  a  portion  of  the  root 
of  Weddelina  squamulosa  which  has  produced  on  the  left  a  leafy  'adven- 
titious* shoot  The  root  is  beset  upon  both  sides  by  outgrowths  which 
serve  as  anchoring-organs,  and  may  be  designated  by  Warming's  term 
haptera.  These  haptera  resemble  in  some  degree  short  roots,  but  they 
differ  from  roots  in  their  structure  and  origin.  They  are  new  formations 
developed  in  response  to  the  requirements  of  the  habitat.  Many  similar 
organs  are  to  be  found  and  formal  morphology  has  grouped  them  together 
as  emergencies.  There  is  no  reason  why  such  new  formations  should  not, 
under  certain  conditions,  attain  considerable  size. 

Tendrils  of  Smilaz.     For  example,  the  tendrils  which  appear  upon 


^  The  fact  that  the  microsporangia  of  the  Angiospennae  are  frequently  not  sharply  distinguished 
from  the  roicrosporophyll  has  up  to  recent  timet  led  to  much  confusion. 
*  See  Part  I,  p.  13. 
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the  leaf  of  Smilax  (Fig.  162)  probably  take  origin  in  a  way  quite  similar  to 
that  of  the  haptera  of  the  Podostemaceae,  at  least  no  satisfactory  reference 
of  them  to  parts  of  the  leaf  out  of  which  they  may  have  arisen  by  a  change 
of  function  has  as  yet  been  advanced. 

That  they  cannot  be  transformed  stipules,  as  has  been  often  assumed,  can  be 
shown  upon  various  grounds  but  specially  by  this — that  in  some  species  the  upper 


Pig.  161.  Weddelina  sqnamtUosa.  One  of  the  Podo- 
stemaceae. Portion  of  a  root.  To  the  left  abo\'e  is  an 
adventitoas  shoot.  Right  and  left  below  are  haptera. 
Slightly  magnified. 


PiO.  163.  Smilax  Sarsaparilla.  End  of  a  shoot. 
The  lamina  of  the  leaf  is  here  arrested^  it  becomes 
developed  in  later-formed  leaves.  The  tendrils  are  well 
developed.    Natural  size. 


end  of  the  sheath  of  the  leaf  can  be  recognized  beneath  the  tendril,  but  if  the  tendril 
was,  like  a  stipule,  an  outgrowth  from  the  base  of  the  leaf  it  must  spring  from 
this  sheath.  Celakovsky's  opinion,  recently  expressed  \  that  these  tendrils  are 
metamorphosed  separate  lobes  of  the  lamina  of  the  leaf  does  not,  in  my  opinion, 


'  delakovsky,  L.  T.,  Uber  die  Homologien  des  Grasembryos,  in  Botanische  Zeitong,  Iv  (1897), 
p.  171. 
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give  us  any  advance.  There  is  no  known  species  of  Smilax  which  really  shows 
such  *  lobes.'  If  the  tendrils  develop  from  the  beginning  as  tendrils  upon  the 
primordium  of  the  blade,  they  can  be  no  transformations  but  new  formations^ 
The  question  seems  to  me  to  be  one  in  which  change  of  function  is  predominant, 
it  is  not  the  purely  formal  one  of  whether  the  tendril  springs  from  the  base  of  the 
leaf  or  from  the  lamina  of  the  leaf*. 

Hanstoria  of  Parasites.  The  haustoria  of  parasites  may  also  be  con- 
sidered as  organs  sui  generis^.  Parasites  are  of  course  derived  from 
non-parasitic  plants.  There  are  two  ways  in  which  this  may  have  come 
about : — 

{a)  Either  organs  which  previously  existed  became  devoted  to  the 
service  of  a  parasitic  life ;  for  instance,  a  root-primordium  might  obtain 
the  capacity  to  bore  into  a  host-plant ; 

(J?)  Or  the  plant  had  recourse  to  new  formations  in  order  to  bring  it 
into  union  with  its  host.  This  appears  to  me  to  be  that  which  has  been 
actually  followed. 

It  has  been  customary  to  consider  the  haustoriaofCuscuta,  for  example, 
as  partly  transformed  roots,  and  this  mainly  because  they  are  endogenetic  ; 
but  no  really  convincing  proof  in  support  of  this  has  been  brought  forward, 
and  certainly  such  an  assumption  finds  no  application  in  relation  to  the 
haustoria  of  the  Rhinantheae,  Orobanchaceae,  Balanophoreae,  and  others. 
The  haustoria  which  arise  usually  in  consequence  of  a  chemical  or  mechanical 
stimulus  are  indeed  not  fundamentally  different  from  those  which  we  shall 
have  to  notice  in  the  embryo-sac  of  many  Angiospermae  ^  In  Orobanche*, 
for  example,  the  form  of  the  haustorium  which  is  produced  on  its  root  is 
different  according  as  this  is  in  touch  with  the  root  of  the  host-plant  at  one 
small  point  or  over  an  extended  area.  In  the  first  case  a  single  superficial 
cell  may  grow  out  and  penetrate  the  root  of  the  host  as  a  filiform  hausto- 
rium, just  like  the  mycelium  of  a  fungus ;  in  the  second  case  the  suctorial 
process  is  a  cell-mass  which  has  a  much  higher  anatomical  construction, 
containing  both  vessels  and  sieve-tubes,  and  these  enter  into  union  with 
similar  elements  of  the  host-plant.  It  is  the  same  in  other  cases.  We 
have  to  deal  with  new  formations  in  these  haustoria  which  arise  in  conse- 
quence of  a  stimulus  as  does  the  anchoring-disk  on  the  tendril  of  an 
Ampelopsis  ^ 


^  See,  for  a  risunU  of  the  difTerent  views,  Delpino,  Contribozioni  alia  storia  dello  svilappo  net 
regno  vegetale :  I.  Smilaoee. 

'  The  older  literature  about  parasites  is  brought  together  in  my  Vergleichende  Entwicklungs- 
geschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der  Botanik,  iii  (1884).     The  limits  of  the 
present  book  allow  only  of  a  citation  of  some  of  the  more  general  and  important  relationships,  but 
f  no  details.  »  See  p.  638. 

*  See  Hoyelacque,  Recherches  snr  Tappardl  veg^tatif  des  Bignoniac^a,  Rhinanthac^,  Oroban- 
ch^es,  et  Utricularito,  Paris,  1888,  p.  598,    The  literature  is  dted  in  this  work. 

*  See  Part  I,  p.  j68. 
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It  is  remarkable  that  the  haustoria  of  many  parasites  can  exhibit 
unlimited  growth  within  the  host-plant,  whilst  the  portion  of  the  parasite 
outside  the  host-plant  suffers  so  great  a  reduction  that  sometimes  only 
the  flower-shoots  remain,  and  the  haustoria  then  alone  represent  the  vegeta- 
tive body.  Such  a  case  is  that  in  Fig.  163,  which  is  an  illustration  of  a 
species  of  Pilostyles  ^ 

Filostyles  Ulei.  Upon  the  surface  of  the  shoot  of  the  host-plant  only  the 
small  flower  of  the  parasite  appears.  The  vegetative  body  of  this  member  of  the 
Rafllesiaceae  appears  to  have 
the  same  nature  as  that  of 
Pilostylesaethiopica  described 
by  Solms,  a  plant  which  lives 
as  a  parasite  upon  the  twigs 
of  the  caesalpineous  Berlinia 
paniculata.  In  the  secondary 
rind  of  the  host  run  strands 
which  have  no  definite  form, 
and  from  which  small,  plate- 
like branches  pass  off,  and 
these  grow  radially  against  the 
wood  and  gradually  become 
enclosed  by  this  as  sinkers. 
Foliage-shoots  are  wanting 
here  as  in  all  Rafllesiaceae. 
The  several  shoots  which 
develop  as  *  adventitious  buds' 
within  the  *  thalloid  vegetative 
body,'  and  burst  through  the 
rind  of  the  twigs  of  the  host, 
are  flower-buds.  The  arrange- 
ment is  therefore  like  that  of 
the  mycelium  of  an  endo- 
phytic fungus — Peronospora, 
for  example,  the  conidiophores 
of  which  burst  through  the 
host  and  appear  above  the 
surface. 

Filostyles  Hausskneohtii.  In  another  species  of  Pilostyles,  P.  Haussknechtii*, 
the  reduction  of  the  intramatrical  vegetative  body  is  carried  still  further.  The 
plant  lives  as  a  parasite  upon  species  of  Astragalus,  and  the  flower-shoots  appear 


Fig.  163.  Pilostyles  t'let,  Solms.  Only  the  small  flowers  of  this 
parasite  are  visible  upon  the  shoot-axis  and  leaves  of  an  Astragalus, 
which  is  the  host-plant. 


*  The  plant  was  sent  to  me  through  the  kindness  of  Dr.  Ule,  and  it  has  been  determined  by  Count 
Solms-Laubach  to  be  a  new  species.  See  Endriss,  Monographie  von  Pilostyles  ingae,  Kant.  (P.  Ulei, 
Solms),  in  Flora,  xci  (Erganzungsband  zum  Jahrgang  1902),  p.  209. 

^  Solms-Laubach,  Ubcr  den  Thai! us  von  Pilostyles  Haussknechtii,  in  Botanische  Zeitung,  xxxii 
(1874),  P-  49. 
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upon  the  basal  portions  of  the  leaves.  Young  stages  of  development  show  that 
the  flower-buds  sit  upon  a  cushion-like  irregularly  limited  mass  of  tissue  of  the 
parasite  termed  Iht  flower-cushion  which  is  in  firm  union  with  the  tissue  of  the 
leaf  of  the  Astragalus.  Two  such  flower-cushions  are  regularly  found  in  the  leaf  of 
the  host  when  it  has  reached  its  development.  After  the  flowering  time  these  die 
away.  The  intramatrical  body  of  the  parasite  which  produces  this  flower-cushion 
consists  of  simple  cell-strands,  which  Solms  designates  mycelium  on  account  of 
their  resemblance  to  the  mycelium  of  a  fungus.  It  is  chiefly  spread  in  the  pith  of 
the  shoot  of  the  Astragalus,  but  its  branches  force  themselves  also  into  the  vascular 
bundles,  penetrate  the  medullary  rays,  and  spread  in  the  form  of  irr^[ular 
tangled  filaments  in  the  rind  and  end  finally  in  the  young  flower-cushions. 
It  is  easy  to  follow  this  vegetative  body  right  up  into  the  vegetative  point 
— into  a  r^on  where  there  is  scarcely  yet  a  diflerentiation  of  rind  and  pith — 
and  there  it  is  richly  developed  Solms  has  definitely  traced  it  to  the  ultimate 
cell-layers  of  the  apex\  The  flower-cushion  arises  firom  the  mycelium  which 
penetrates  into  a  leaf,  immediately  after  the  primordium  of  the  leaf  is  laid  down. 
This  mycelium  swells  up  in  the  base  of  the  primordium,  and  then  the  ends  of  its 
filaments  divide  and  form  a  net  of  irr^;ular  polyhedral  cells  which  later  swell  up 
into  the  flower-cushion.    The  flower-bud  is  endogenetic  in  this  cushion. 

These  examples  must  sufllice  to  show  that  besides  '  root  and  shoot,'  as 
defined  above,  other  organs  are  formed  with  special  aims,  to  use  a  teleolog^cal 
expression,  and  these  are  not  transformations  of  others,  and  cannot  be 
referred  back  to  previously  existing  ones.  Keeping  in  view  the  relation- 
ships of  configuration  of  root  and  shoot  we  must  remember  that  the 
plasticity  of  the  v^etative  organs  is  very  great,  and  that  consequently  it 
is  impossible  to  find  general  far-reaching  differences  between  the  single 
categories  of  them.  The  cases  where  passage-forms  occur  between  the 
categories  are  of  special  interest,  and  they  require  here  fuller  description 
than  could  be  given  to  them  in  the  general  part  of  this  work. 

II 

ROOT  AND   SHOOT 

I  do  not  propose  to  give  here  a  general  account  of  the  characteristics 
of  root  and  shoot.  My  object  will  be  much  better  accomplished  by  an 
exposition  of  individual  cases,  but  I  must  discuss  here  the  question :  Can 
roots  pass  over  into  shoots,  and  does  the  converse  also  happen  ? 

A.    TRANSFORMATION  OF  UNDOUBTED  ROOTS  INTO  SHOOTS, 

Both  in  Pteridophyta  and  in  Spermophyta  there  are  a  number  of  cases 
in  which,  sometimes  regularly  sometimes  occasionally,  roots  become  trans- 

^  Solms-Lanbacb,  tjber  den  Tballus  von  Pilostyles  Haussknecbtii,  in  Botanische  Zeitung,  xxxii 
(1874),  p.  68. 
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formed  into  shoots  at  the  apex  by  throwing  off  their  root-cap  and  forming 
leaves. 

Filioineae.  The  transformation  has  been  observed  with  certainty  in 
Diplazium  (Asplenium)  esculentum  ^,  and  in  many  species  ot  Platycerium, 
such  as  P.  alcicorne,  P.  Willinkii,  P.  Stemmaria,  P.  Hilli.  These  are  plants 
which  in  their  manner  of  life  behave  very  differently.  The  species  of 
Platycerium  are  epiphytes,  and  produce  spores  which  germinate  freely; 
nevertheless,  vegetative  propagation  by  shoots  from  the  roots  is  profuse  in 
them.  Diplazium  esculentum,  on  the  other  hand,  is  a  tree-like  geophyte 
which  in  cultivation  apparently  seldom  pro- 
duces sporangia,  but  in  its  natural  habitat 
does  so  abundantly.  The  formation  of 
root-shoots  cannot  then  be  considered  as  a 
substitution  for  the  usual  propagation  by 
spores.  Transformation  of  the  tip  of  the 
root  into  a  shoot  may  take  place  in  short 
roots  or  in  long  roots^  and  indeed  every 
root  appears  to  have  the  capacity  to  become 
a  shoot,  for  one  can  almost  always  observe 
the  transformation  in  healthy  separated  tips 
of  roots.  The  transformation  seems  to  be 
favoured  in  the  plant  by  the  position  of  the 
root  near  the  surface  of  the  soil.  It  is  easy 
to  follow  the  process  by  which  the  apical 
cell  of  the  root  becomes  the  apical  cell  of 
the  shoot. 

Spermophyta.  The  transformation  of 
roots  into  shoots  has  been  observed  as  yet 
only  amongst  the  Monocotyledones  in,  for 
example,  Listera  cordata^  Neottia  Nidus- 
avis  ^,Anthurium  longifolium*.  The  observa- 
tions which  have  been  made  in  Dicotyledones 
are  altogether  wanting  in  accuracy  ^. 

The  transformation  of  roots  into  shoots  is,  in  my  opinion,  only  an 


FlO.  164.  Marathnun  utile.  Root  with 
two  rows  of  adventitious  shoots.  To  the  right 
above  a  yoone  adventitious  shoot.  The  root 
forms  at  its  oase  a  lobed  anchoring-<lisk. 
Magnified. 


*  See  Lachmann,  Contributions  k  rhistoire  natarclle  de  la  racine  des  Fong^res,  in  Annales  de  la 
Sod^^  botanique  de  Lyon,  xvi  (1889),  P*  '59»  They  are  more  accurately  described  by  Rostowiew, 
Beitrage  znr  Kenntniss  der  Gefasskryptogamen,  in  Flora,  Ixxiii  (1890),  p.  155. 

*  Brundin,  Uber  Wurzelsprosse  bci  Listera  cordato,  L.,  in  Bihang  till  k.  Svenska  Vetenskap 
Akademie  Handlingar  xxi.  3  (1895). 

'  Warming,  Om  r0dderne  hos  Neottia  Nidns-avis,  L.,  in  Videnskabelige  Meddelelser  fra  den 
Naturhistoriske  Forening  i  Kj0benhavn,  1874.    The  literature  is  cited  in  this  work. 

*  Goebel,  Uber  Wurzelsprosse  bei  Anthurium  longifolium,  in  Botanische  Zeitung,  xxxvi  (1878), 

P-645. 

*  With  regard  to  this  see  the  literature  quoted  by  Rostowzew. 
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individual  case  of  the  general  phenomenon  that  shoots  arise  upon  roots. 
Root-borne  shoots  occur  quite  regularly  in  many  plants,  the  shoots  are  laid 
down  endogenetically  in  serial  succession  towards  the  growing  point  of 
the  root ;  their  endogenetic  origin  gives  their  vegetative  point,  like  that  of 
the  lateral  roots,  the  protection  which  they  could  not  otherwise  get  upon  the 
leafless  root.  This  is  very  strikingly  shown  in  many  Podostemaceae  ^.  In 
Fig.  164  there  is  a  portion  of  a  root  of  Marathrum,  a  podostemaceous  plant 
which  I  collected  some  years  ago  in  the  Rio  Bocon6  in  Venezuela.  It 
will  be  seen  that  there  are  two  rows  of  shoot-primordia  upon  it,  and  the 
youngest  of  these  primordia  are  evident  upon  that  portion  of  the  root  which 
is  still  covered  by  the  root-cap.  Suppose  now  that  the  formation  of  the 
shoots  approaches  more  nearly  the  tip  of  the  root.  Such  a  case  is  found  in 
Ophioglossum  vulgatum,  whose  multiplication,  so  far  as  we  know,  takes 
place  exclusively  by  shoots  upon  the  root,  and  in  it  the  primordia  of  the 
shoots  arise  out  of  the  youngest  segments  of  the  apical  cell  of  the  root, 
whilst  the  tip  of  the  root  itself  continues  its  growth  *.  It  is  but  a  short 
step  from  this  to  the  transformation  of  the  tip  of  the  root  itself  into  the  tip 
of  the  shoot,  in  which  case  the  primordium  of  the  shoot  would  be  terminal. 
We  shall  have  occasion  to  describe  presently  a  similar  pushing  of  the 
formation  of  shoot  to  the  apex  in  the  leaves  of  Filicineae  ^. 

B.     ORGANS    WHICH  ARE  NOT  TYPICAL  ROOTS. 
The  Rhizophore  of  Selaginella. 

Many  authors  have  considered  as  roots  the  rhizophores^  which  are 
found  in  a  number  of  species  of  Selaginella,  and  which  are  confined  ex- 
clusively to  plagiotropous  dorsiventral  forms  such  as  Selaginella  Martensii 
and  S.  cuspidata.  The  upper  portions  of  the  plagiotropous  but  not  creeping 
shoots  in  such  species,  where  they  are  at  some  distance  from  the  ground,  are 
enabled  to  get  into  connexion  with  the  soil  by  means  of  the  rhizophores, 
just  as  in  Mastigobryum  *,  one  of  the  foliose  Hepaticae,  the  flagella^  which 
are  branches  provided  with  reduced  leaves  and  numerous  rhizoids,  bring  the 
plant  into  connexion  with  the  soil. 

The  rhizophores  of  Selaginella  (Fig.  165)  are  leafless.  They  arise 
usually  in  pairs,  one  above  and  one  below  the  fork,  which  is  formed  by  the 
branching  of  the  axis  of  the  shoot.     They  are  exogenetic  *,  and  near  their 

^  Warming,  Familien  Podostemaceae :  I-V  in  Skrifter  af  det  kgL  danske  Videnskabernes  Selskab, 
1881,  1 88 a,  1888,  1 89 1,  1898,  has  described  this  in  great  detail. 

•  See  Rostowzew,  Beitrage  zur  Kcnntniss  der  Gefasskryptogamen,  in  Flora,  Ixxiii  (1890),  p.  155. 
I  had  expressed  my  doubts  of  the  accuracy  of  Van  Tieghem's  statement  that  the  tip  of  the  root  was 
transformed  into  the  tip  of  the  shoot ;  see  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane, 
in  Schenk's  Handbnch  der  Botanik,  iii  (1884),  p.  344. 

•Seep.  241.  .  *  See  p.  43. 

^  See  Treub,  Recherches  sur  les  organes  de  la  vegetation  dn  Selaginella  Martensii,  Spring.,  in  Mns^ 
botanique  de  Leide,  ii  (1877),  p.  11. 
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tip  they  form  endogenetically  the  primordia  of  one  or  many  roots.  The 
rhizophores  may  branch  dichotomously,  and  they  attain  in  many  forms 
a  considerable  length  which  is  not  brought  about,  as  is  sometimes  wrongly 
supposed,  by  intercalary  growth,  but  by  prolonged  apical  growth.  The 
formation  or  extrusion  of  roots  is  caused  by  moisture.  Usually  it  takes 
place  in  the  soil,  occasionally  also  in  moist  air.  Pfeffer  has  shown  that 
these  rhizophores  may  be  transformed  into  leafy  shoots^,  and  he  pointed 
out  that  cutting  through  the  two  shoot-branches  above  the  fork  where  the 
rhizophores  arise,  appeared  to  favour  the 
transformation  of  the  rhizophores  into  J:^^rN  ^  cot 
shoots.      We    can   certainly    cause    the 


Pig.  165.    S«lag^inella  Martensii.    Portion  of  a  shoot  with 
rhizophores.    Natural  size. 


Pig.  166.  Selag^inella.  Seedlin?.  Coi^  cotvle- 
don ;  W7,  yonng  rhizophore  :  H^  hypocotyl ;  Afo, 
mef^aspore ;  IV\,  chief  root ;  Pks,  Jks,  roots  spring- 
ing from  the  hypocotyl.    Magnified  2, 


transformation  in  young  rhizophores  if  we  treat  the  parent-shoot  as  a  cut- 
ting, and  make  the  apex  of  the  rhizophore  the  vegetative  point  K  A  case 
of  the  kind  is  illustrated  in  Fig.  167.  Two  rhizophores,  WTy^  upon  the 
upper  side,  and  WT^  on  the  lower  side,  are  shown  here  at  the  point  of 
forking  of  the  shoot.      WT^  has  developed  into  a  leafy  shoot  which,  after 

*  Pfeffer,  Die  Entwicklung  des  Keimes  der  Gattung  Selaginella,  in  Hanstein's  Abhandlungen, 
i  (1871). 

*  Behrens,  Uber  Regeneration  bei  den  Selaginellen,  in  Flora,  Ixxxiv  (Erganzungsband  zum  Jahr- 
gang  1897),  p.  159;  Beijerinck,  Beobachtungen  und  Betrachtungen  iiber  Wurzelknospen  und  Neben- 
wurzcln,  in  Natuurkundige  Verhandelingen  der  koningklijke  Akademie  van  Wetenschappen  in 
Amsterdam  xzy  (1886),  p.  16. 
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producing  some  deformed  leaves,  bears  those  of  normal  Selaginella. 
A  root,  fT,  or  it  may  be  a  rhizophore,  is  already  seen  upon  it.  This 
simple  experiment  is  one  of  the  most  instructive  and  most  easily  carried 
out  that  we  know  of  for  the  purpose  of  showing  change  of  function. 

The  question  now  is :  What  is  the  rhizophore  ?    There  are  three  possi- 
bilities.    It  may  be  a  leafless  shoot ;  it  may  be  a  capless  root ;  it  may  be 

neither    of   these,  but    an 
organ  sui  generis. 

In  favour  of  its  being 
a  shoot  there  may  be  ad- 
vanced its  easy  transforma- 
tion into  a  leafy  shoot,  as 
well  as  the  method  of  its 
origin.  But  we  do  not  know 
any  transition-form  between 
a  rhizophore  and  a  leafy 
shoot.  Even  in  the  germ- 
plant  the  rhizophore  appears 
with  the  same  configuration 
as  it  has  upon  the  mature 
plant.  Fig.  i66  shows  a 
germ-plant  which  has  de- 
veloped the  first  rhizophore 
above  the  two  cotyledons. 

In  favour  of  its  being 
a  root  the  anatomical  con- 
siderations have  been  spe- 
cially advanced,  but  these 
do  not  appear  to  be  critical. 
More  recently  Bruch- 
mann  ^  has  pointed  out  that 
in  Selaginella  spinulosa,  a 
species  of  radial  configura- 
tion which  does  not  produce 
rhizophores,  the  roots  do 
not  arise  immediately  from 
the  stem,  but  are  produced  endogenetically  in  a  cell-body  of  exogenetic 
origin.  This  body  appears  in  this  species  as  if  it  were  a  very  short  *  stalk ' 
to  the  root,  and  it  is  found  also  in  other  species.  The  rhizophores  of  dor- 
siventral  species  of  Selaginella  may  then  be  only  a  further  development  of 
this  *  stalk '  in  correlation  with  their  life-relationships,  and  we  may  compare 


PlO.  167.  Selaj^nella  cnspidata.  The  apices  of  the  two  shoots  of  a 
forked  branching^  were  cut  off.  One  of  the  two  rhiiophores  of  the  fork. 
WT^  became  transformed  into  a  leafy  shoot,  the  other,  WTu  did 
not  develop  farther;  Wroot.    Magnified  9. 


'  Brnchmann,  Untersachnngea  iiber  Selaginella  spintdosa,  A.  Br.,  Gotha,  1897. 
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this  stalk  with  the  *  protocorm '  of  other  Lycopodineae.  If  this  be  so,  the 
rhizophore  of  Selaginella  is  neither  the  result  of  the  transformation  of  a 
shoot  nor  of  that  of  a  root,  but  is  the  result  of  a  prolonged  growth  of  an 
outgrowth  of  tissue,  which  appears  in  all  species,  but  in  the  radial  forms 
exists  only  in  a  rudimentary  condition.  Further  investigation  of  the  forma- 
tion of  the  roots  of  Selaginella  is  needed  before  we  can  say  that  this  ex- 
planation is  founded  upon  a  right  basis.  It  has,  however,  the  advantage 
that  it  is  supported  by  the  comparative  consideration  of  the  organs  within 
the  genus  itself,  and  not  upon  any  forced  general  scheme.  • 


The  Protocorm. 

The  organ  which  Treub  ^  has  designated  protocorm  is  found  in  the 
germination  of  some  species  of  Lycopodium.  It  is  also  known  in  Phyllo- 
glossum,  the  germination  of  which  has  not  yet  been  observed. 

Lyoopodinm.  Fig.  140,  4,  shows  a  germ-plant  of  Lycopodium  inun- 
datum,  which  still  holds  on  to  its  prothallus  by  means  of  its  foot  (hausto- 
rium).  In  addition  to  the  cotyledon,  Cb,  the  second  leaf  has  developed,  and 
at  its  base  there  is  not,  as  in  other  germ-plants,  the  hypocotyl  with  the  root, 
but  instead  a  tuber-like  body  provided  with  rhizoids,  and  it  corresponds 
morphologically  with  a  hypocotylous  segjment  of  a  stem  in  which  the 
primordium  of  a  root,  is  suppressed  ^.  The  plant  as  it  grows  further  be- 
comes dorsiventral,  forms  some  new  leaves,  and  only  at  a  relatively  late 
period  does  the  first  root  arise  as  an  endogenetic  structure,  and  then  also 
IS  developed  for  the  first  time  a  more  complex  anatomical  construction, 
evidenced  in  the  presence  of  vascular  bundles.  We  can  recognize  thus  in  the 
germ-plant  two  stages  of  development ;  the  first  gives  us  a  parenchymatous 
tuber  which  bears  a  few  leaves ;  in  the  second  the  internal  and  external 
differentiation  of  the  plant  appears  for  the  first  time.  Similar  tubers  arise 
also  upon  the  roots  in  Lycopodium  cemuum,  and  they  may  bear  leaves  and 
become  each  of  them  a  new  plant  should  they  be  isolated.  Treub  con- 
sidered that  the  tuber  of  the  germ-plant  in  the  species  of  Lycopodium 
mentioned  above  was  not  a  reduced  organ,  but  a  rudimentary  one,  and  that 
it  was  the  forerunner  of  the  leafy  shoot  of  the  Pteridophyta  of  the  present 
day;  he  therefore  named  it  ^'t protocorm,  I  must  own  that  this  phyletic 
conception  does  not  appeal  to  me. 

We  find  very  similar  formations  in  Spermophyta,  both  amongst  the 


'  Treub,  fetndes  8ur  les  Lycopodiac^es :  VIII.  Considerations  th^oriqnes,  in  Annales  du  Jardin 
botaniqae  de  Bnitenzorg,  viii  (1890),  p.  30.  Bruchmann  adopts  the  earlier  view  of  Treab  that  the 
protocorm  is  a  foot  which  has  become  free.  I  cannot  agree  with  him.  The  function  of  the  foot 
(haustorinm)  is,  in  the  cases  referred  to,  usurped  by  the  strongly  developed  suspensor. 

*  See  Goebel,  Vber  Prothallium  und  Keimpflanzen  yon  Lycopodium  inundatum,  in  Botanische 
Zeitung,  xlv  (1887),  p.  184. 
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Monocotyledones  and  the  Dicotyledones,  if  the  formation  of  root  is 
suppressed  temporarily  or  entirely  in  the  seedling. 

Monocotyledones.  The  Orchideae  furnish  examples  of  these  *  proto- 
corms.*  I  have  described  them  in  the  germination  of  the  epiphytic  species 
Taeniophyllum  ZoUingeri  ^,  and  RaSiborski  ^  found  the  same  relationships 
in  a  number  of  other  epiphytic  orchids.  The  germ-plant  is  an  elongated 
green  body  with  a  rudimentary  cotyledon  in  front,  and  below  this  the 
vegetative  point  of  the  stem.  The  chief  mass  of  the  seedling  is  formed  of 
the  *protocorm/  that  is  to  say,  of  a  rudimentary  hypocotylous  segment 
which  is  not  prolonged  as  the  primordium  of  a  root,  and  which  is  fastened 
to  the  surface  of  the  tree  by  numerous  anchoring-hairs.  Raeiborski 
observed  adventitious  shoots  upon  this  *protocorm*  in  Aerides  pusillum. 
In  the  seedlings  of  orchids  growing  in  the  soil  the  '  protocorm '  is  commonly 
tuberous. 

Dicotyledones.  Streptocarpus  polyanthus  may  be  mentioned  as  an 
illustration  amongst  dicotylous  plants  of  this  formation  of  the  *  proto- 
corm.' Its  rootless  hypocotylous  segment,  which  is  the  *  protocorm/  is 
fastened  by  anchoring-hairs  to  the  soil,  according  to  Hielscher'*.  On  the 
embryos  of  species  of  Utricularia  *,  the  hypocotylous  segment  is  commonly 
an  undifferentiated  cell-body  serving  as  a  reservoir  of  food-material.  The 
same  is  the  case  in  some  rootless  species  of  Podostemaceae. 

FhyllogloBsum.  Phylloglossum  is  an  Australian  lycopodineous  plant 
which  bears  at  the  base  of  its  leafy  stem  two  parenchymatous  tubers,  and 
these  are  able  to  perennate  in  the  same  way  as  do  those  of  many  Ophrydeae* 
These  tubers,  which  show  no  infection  by  fungi  in  the  examples  I  examined, 
are  generally  regarded  as  being  comparable  with  the  *  protocorms  *  of  the 
germ-plants  just  mentioned.  They  are  swellings  of  the  axis  of  the  shoot 
upon  which  no  root  is  laid  down ;  the  root  arises  exogenetically  on  the 
plant  above  the  new  tubers  ^. 

The  appearance  of  a  protocorm  in  very  different  cycles  of  affinity 
appears  to  me  to  be  unfavourable  to  the  hypothesis  of  its  having  a  phy- 
letic  significance;  I  can  only  see  in  the  protocorm  an  organ  which 
corresponds  in  its  development,  especially  in  its  formation  of  roots,  to  an 
arrested  hypocotylous  segment ;  its  appearance  is  probably  connected  with 
external  conditions  of  life.  That  in  plants  which  generally  have  given  up 
the  forming  of  roots,  like  the  Utriculariae,  there  should  be  no  formation  of 


*  Goebel,  Pflanzenbiologische  Schildenmgen,  i  (1889),  p.  195. 

'  Raeiborski,  Biologische  Mittheilungen  aus  Java,  in  Flora,  Ixxxv  (1898),  p.  337.  The  literature 
is  cited  here. 

^  Hielscher,  Anatomic  und  Biologie  der  Gattung  Streptocarpus,  in  Cohn's  Beitrage  zur  Biologic 
der  Pflanzen,  iii  (1883). 

*  Compare  the  figure  of  Gcnlisea  (Fig.  169,  i),  which  in  this  respect  resembles  Utricularia. 

*  See  Bower,  On  the  Development  and  Morphology  of  Phylloglossum  Drummondii,  in  Phil. 
Trans.,  1885. 
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roots  in  the  seedling,  is  easily  understandable.  In  other  plants,  like  the 
species  of  Lycopodium  and  Orchideae  mentioned  above,  the  suppression  of 
the  formation  of  roots  may  be  connected  with  the  prolonged  development 
of  the  germ-plant ;  perhaps  also  with  the  symbiosis  with  fungi  which  takes 
place  in  these  plants  ^.  At  the  present  time,  however,  we  have  no  clear  view 
of  these  relationships. 

C.     TRANSFORMATION  OF  SHOOTS  INTO  ROOTS, 

Shoot-axes  which  have  the  form  of  roots  have  already  been  described 
in  the  Hepaticae^.  They  are  found  also  in  the  Pteridophyta,  for  example 
in  the  Psilotaceae,  and  also  in  the  Spermophyta,  but  an  actual  transforma- 
tion of  a  shoot  into  a  root  has,  as  yet,  not  been  shown.  Beijerinck  has 
described  its  occurrence  in  Rumex  Acetosella,  but  I  cannot  accept  his  state- 
ment as  conclusive  \ 


III 

FREE-LIVING  ROOTS  AND   LEAVES.      TRANSITION 
BETWEEN   LEAF  AND  SHOOT 

We  are  accustomed  to  think  of  the  several  organs  of  the  plant-body 
always  as  they  occur  in  connexion  one  with  the  other,  because  this  is  the 
most  common  condition,  corresponding  as  it  does  with  the  ordinary  require- 
ments of  the  life  of  the  plant,  and  we  regard  it  consequently  as  the  *  normal.' 
We  see  in  the  vegetative  organs  the  root  and  the  shoot  joined  to  one 
another,  and  the  phenomena  of  regeneration  have  shown  us  that  the  taking 
away  of  the  root-system  or  of  the  shoot  results  frequently  in  a  new  formation 
of  the  lost  parts.  But  there  is  another  way  of  looking  at  these  facts.  Under 
special  life-conditions  the  organs  may  also  live  alone,  at  least  for  a  time. 


'  At  isolated  places  in  the  stem  of  Lycopodiam  inundatum,  cushion-tissue  develops  which  becomes 
infected  with  ftmgus-hyphae.  In  the  vicinity  of  this  the  new  formation  of  roots  is  promoted,  and 
upon  the  protocorm  of  Lycopodium  inundatum  similar  cushions  of  tissue  are  found.  In  both  cases, 
and  in  the  root-tubers  of  Lycopodium  cemuum  also,  the  fungus-infection  appears  to  promote  an 
increase  of  plastic  materiaL 

•  See  p.  45. 

'  Beijerinck,  Beobachtungen  und  Betrachtungen  iiber  Wurzelknospen  und  Nebenwurzeln,  in  Natuur- 
kundige  Verhandelingen  der  koningklijke  Akademie  van  Wetenschappen  in  Amsterdam,  xxv  (1886), 
p.  41 .  Beijerinck  found  at  the  base  of  newly  formed  roots  one  or  two  leaflets,  and  concluded  therefrom 
that  a  shoot  continued  its  growth  as  a  root  after  the  primordia  of  one  or  two  leaves  had  been  laid 
down.  Neither  in  the  text  nor  in  the  figures  is  it,  however,  shown  that  these  leaves  had  vascular 
bundles,  and  therefore  there  is  the  possibility  that  these  leaf-like  structures  were  only  portions  of  the 
ruptured  rind-tissue. 
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Rootless  Shoots. 

The  existence  of  rootless  shoots  is  generally  known.  They  occur  in 
some  free  aquatic  plants,  for  instance  in  Salvinia,  Ceratophyllum,  species  of 
Utricularia  ;  also  in  terrestrial  plants  in  which  the  function  of  the  root  has 
been  taken  on  by  the  axis  of  the  shoot,  as  in  Psilotum,  Epipogon,  Coral- 
lorrhiza,  or  by  the  leaves,  as  in  Genlisea,  Polypompholyx,  and  species  of 
Utricularia. 

Free-living  Roots. 

Less  known,  however,  is  the  occurrence  oi  free4iving  rootSy  that  is  to 
say  of  roots  which  do  not  spring  from  a  shoot  They  occur  in  some 
saprophytes  and  parasites.  In  the  former  the  saprophytic  mode  of  life  of 
the  roots  is  made  possible  by  symbiosis  with  fungi.  They  are  rendered 
thereby  independent  to  a  certain  degree  of  the  assimilating  shoots,  and  as 
a  matter  of  fact  the  assimilating  shoots  no  longer  exist  in  many  saprophytes, 
for  example  Monotropa. 

Pyrola  imiflora.  If  we  examine,  for  example,  the  growth  of  Pyrola 
(Monesis)  uniflora  ^,  we  find  that  the  leafy  shoots  spring  from  a  root-system 
in  the  soil  They  are  quite  dependent  upon  this  because  they  themselves 
develop  no  roots,  and  form  also  no  lateral  shoots^.  There  are  also  root- 
systems  which  evidently  exhibit  younger  stages,  and  have  not  developed 
any  shoot.  The  germination  is  unfortunately  unknown,  but  probably  there 
arises  from  the  unsegmented  embryo  in  the  germinating  seed,  not  as  else- 
where a  leafy  and  rooting  shoot  ^,  but,  the  shoot  being  arrested,  only 
a  saprophytic  root-system  upon  which  shoots  subsequently  appear  as 
endogenetic  structures. 

Monotaropa.  The  condition  is  quite  similar  in  the  allied  Monotropa, 
which,  however,  does  not  produce  foliage- leaves.  Whilst  shoots  above- 
ground  die  down  after  the  flowering  period,  the  root-system  perennates  and 
develops  new  flower-shoots  again  in  the  next  vegetative  period. 

I  do  not  consider  it  necessary  to  distinguish  this  root-system,  which 
thus  lives  independently,  by  a  special  name*  as  we  have  doubtless  here  to 
do  with  a  condition  correlated  with  the  saprophytic  mode  of  life,  and  derived 
from  the  normal  in  which  frequently  we  meet  with  roots  that  produce  shoots, 
but  they  are  not  independent  roots  being  always  connected  with  chloro- 
phyllous  shoots. 

*  See  Innisch,  Bemerktingen  iiber  einige  Pilanzen  der  dentschen  Flora,  in  Flora,  xxxviii  (1855), 
p.  6a8. 

'  In  the  neighboniliood  of  the  shoot  a  lateral  root  commonly  arises  from  the  root-system. 

'  We  may  of  course  suppose,  with  Irmisch,  that  in  the  germination  a  shoot  arises  whose  chief  root, 
or  one  of  its  lateral  branches,  then  develops  into  the  root-system  producing  shoots,  but  the  analogy 
with  the  germination  of  Orobanche  leads  me  to  think  that  the  assumption  I  have  made  in  the  text  is 
the  more  probable,  and  that  the  chief  shoot  is  entirely  suppressed  in  germination. 

♦  As  does  Velenovsky,  Cber  die  Biologic  nnd  Morphologic  der  Gattung  Monesis,  in  Rozprivy 
£esk^  Akademie,  Prag,  189a. 
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Free-living  Leaves. 

StreptocarpuB.  The  cotyledons  of  Streptocarpus  polyanthus  and 
S.  Wendlandii  can  scarcely  be  considered  as  of  this  category,  although 
they  frequently  are  regarded  as  of  this  nature.  In  the  germination  of  the 
seeds  of  these  species  two  cotyledons  unfold  as  in  other  species  of  Strepto- 
carpus. One  cotyledon  is  soon  outstripped  in  size  by  the  other,  and  dis- 
appears altogether  at  a  later  period ;  the  other  grows  into  a  large  foliage- 
leaf  out  of  whose  base  the  inflorescence  springs  subsequently.  Hielscher  ^ 
considered  these  inflorescences  as  adventitious  formations.  It  is,  however, 
more  probable — although  an  unprejudiced  investigation  of  the  develop- 
mental history  has  not  been  carried  out — ^that  the  inflorescence  proceeds 
from  the  end  of  the  primary  axis,  which  elongates  into  an  internode 
between  the  two  cotyledons,  and  appears  later  as  the  stalk  of  the  large 
cotyledon. 

Lemnaoeae.  But  we  can  reckon  in  this  category  the  vegetative  body 
of  the  Lemnaceae.  The  flat  members  which  spring  one  from  the  other  in 
this  plant  have  been  considered  sometimes  as  segments  of  a  thallus,  some- 
times— ^and  this  has  been  far  the  commonest  view — as  leafless  shoots  in  most 
species.  These  leaf-like  structures  are,  however,  really  leaves^  as  I  have 
stated  elsewhere  *.  The  general  conclusion  in  favour  of  their  shoot-nature 
was  arrived  at  because  one  (in  Wolffia)  or  two  new  members  (Fig.  i68) 
shoot  out  from  the  base  of  each  old  member,  and  morphological  dogma 
maintained  that  a  leaf  could  never  arise  out  of  another  leaf  but  only  out  of 
the  vegetative  point  of  a  shoot.  This  dogma,  however,  has  been  overthrown 
by  the  condition  in  Utricularia  and  in  the  embryos  of  many  Monocotyle- 
dones,  conditions  which  will  be  described  below  \  The  first  leaves  arise  in 
many  monocotylous  embryos  without  any  vegetative  point  being  visible^  and 
there  is  no  necessity  to  suppose  that  it  is  existent  although  not  visible. 
The  cotyledon,  the  first  leaf,  is  a  portion  of  the  embryo,  and  is  not  formed 
out  of  a  v^etative  body.  Subsequent  leaves  may  develop  in  like  manner 
out  of  embryonal  tissue  remaining  over  at  the  base  of  other  leaves.  This  is 
what  happens  in  Lemna  and  its  allies,  and  in  support  of  this  view  the  follow- 
ing points  may  be  advanced : — 

1.  Plants  with  leafless  shoots  are  found  elsewhere  amongst  those 
which  '  aim  at '  reduction  of  the  transpiration.  Such  a  condition  in  plants 
like  the  Lemnaceae,  which  live  partly  on,  and  partly  in  the  water,  is  quite 
impossible. 

2.  In  germination  the  cotyledon  of  Lemna  develops  into  the  first 


*  Hielscher,  Anatomie  und  Biologie  der  Gattung  Streptocarpus,  in  CoWs  Beitrage  vox  Biologie 
der  Pflanzen,  iii  (1883).  Against  this  put  Fritsch,  tJber  die  Entwicklung  der  Gesneriaceen,  in 
Berichte  der  deutschen  botanischen  Gesellschaft  (General- Versammlung),  zii  (1894),  p.  96. 

*  Goebel,  Pflanzenbiologische  Schildeningen,  ii  (1893),  p.  276. 
»  See  pp.  336,  253. 
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'  member '  of  the  plant,  and  all  the  following  members  essentially  resemble 
it\  but  the  cotyledon  is  the  first  leaf,  and  consequently  the  following 
*  members '  must  also  be  leaves  if  we  are  to  accept  the  comparative  method 
as  of  any  value. 

3.  The  structure  which  has  hitherto  been  regarded,  for  example  in 
Spirodela,  as  a  leaf-organ,  has  scarcely  any  resemblance  to  a  foliage-leaf, 
and  can  without  difficulty  be  arranged  amongst  the  Migular  formations.' 

The  morphology  of  these  remarkable  plants  cannot  be  treated  of  in 
detail  here.  I  will  only  point  out  that  the  new  'members'  of  Lemna 
appear  in  pairs  upon  the  upper  side  of  the  old  ones,  and  are  enclosed  in 
pocket-like  outgrowths  (Fig.  168).  A  zone  of  embryonal  tissue  persists  at 
the  base  of  each  leaf  and  out  of  it  the  new  formations  proceed.    A  special 

vegetative  point  is  never  differen- 
tiated. If  now  we  were  to  regard 
as  leaf  that  part  of  the  member  of 
a  Lemna  which  stands  above  the 
position  of  formation  of  the  lateral 
members  and  roots  (P  in  Fig.  168), 
and  as  shoot-axis  the  portion  which 
lies  behind  this  (5  in  Fig.  168),  we 
should  not  get  rid  of  the  fact  that 
the  two  are  not  differentiated  one 
from  the  other.  According  to  my 
view,  the  Lemnaceae  retain  a  con- 
dition which  is  otherwise  found  only 
in  seedling-plants,  just  as  Phylloglossum  retains  in  the  formation  of  its 
tubers  a  feature  of  formation  of  organs  that  is  limited  to  the  germ-plant 
in  Lycopodium  inundatum  and  L.  cemuum,  and  to  the  'adventitious 
shoots '  resembling  those  in  L.  inundatum.  This  view  appears  to  me  to  be 
at  the  present  time  the  most  natural  one,  even  though  it  may  appear  a  heresy 
to  the  older  morphology. 

Transition  between  Leaf  and  Shoot. 

I  have  frequently  said  that  the  behaviour  of  Utricularia  is  of  special 
interest  in  the  general  consideration  of  the  formation  of  organs,  and  I  must 
now  say  something  about  it : — 

Lentibnlariaoeae.  Utricularia  belongs  to  the  family  of  the  Lentibu- 
lariaceae,  all  the  genera  of  which  are  insectivorous.  Pinguicula  shows  the 
normal  differentiation  of  the  vegetative  body  of  Spermophyta,  namely,  root 
and  leafy  shoot.  The  other  genera  are  rootless.  The  function  of  the  root 
in  Genlisea  ^  has  been  usurped  by  the  highly  remarkable  tubes  which  at  the 

1  Gocbcl,  Pflanzcnbiologische  Schildernngcn,  ii  (1893)  ;  id.,  Zur  Biologic  von  Genlisea,  in  Flora, 
Ixxvii  (1893),  p.  ao8. 


Fig.  168.    Lemna  trisulca. 

■een  from  below ;   Ff  ,  root.      _, ^ 

above.    For  the  explanation  see  the  text.    Magnified, 


leement  separated  and 
II,  a  liEe  Mgnient  seen  from 
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same  time  serve  as  insect-traps,  and  they  pierce  the  substratum  just  like 
roots  (Fig.  169).  There  can  be  no  doubt  that  these  tubes  are  transformed 
leaves.  In  Polypompholyx,  and  some  few  of  the  species  of  Utricularia  which 
live  on  land,  we  find  the  following  formation  of  organs  : — 

Utriotilaria  Hookeri.  As  an 
example  I  shall  take  the  West 
Australian  Utricularia  Hookeri  ^ 
(Fig.  170).  A  radial  shoot  pro- 
ceeds from  the  seed  and  ends  in 
an  inflorescence.  This  shoot,  apart 
from  the  leaf-structures  of  the 
flowers  and  the  bracts,  bears  the 
following  organs: — 

{a)  foliage-leaves y 

(6)  tubes  (tubular  leaves)  which 
end  in  insect-traps  (bladders), 

{c)  elongated,  but  unbranched 
and  non-tubular,  thin  structures 
resembling  roots,  which  we  shall 
call  leaf -roots  or  rhizoids. 

The  leaf-roots  enter  the  moist 
soil  like  the  tubes;  the  foliage- 
leaves  raise  themselves  above  this. 
Here  then  the  double  function  of 
trapping  animals  and  of  anchor- 
ing and  absorbing  water  for  the 
plant,  which  is  performed  by  the 
tubular  leaves  of  Genlisea,  is  dis- 
tributed between  two  organs,  the 
tubes  and  the  leaf-roots.  These 
stand  near  one  another ;  they  are 
both  transformed  leaves.  The  stalk- 
portion  of  the  tubular  leaf  resembles 
very  much  the  leaf-root,  and  not 
infrequently  there  is  found  at  the 
end  of  the  stalk  an  elongated  leaf-structure,  which  one  might  at  first 
mistake  for  a  leaf-root  instead  of  a  tube^  (Fig.  170).  Now  the  trans- 
formation of  leaves  into  tubes  is  known  elsewhere,  it  is  therefore  not  specially 


Pig.  169.  Genlisea  violacea.  i,  seedling  with  three 
leaves  ;  /^,  first  foliage-ieaf ;  5",  incipient  tabular  leaf ; 
V.  vegetative  point ;  Wh^  root-hair,  a,  older  seedling 
which  has  formed  a  number  of  foliage-leaves,  and  two 
tubular  leaves,  S\  ^2,  which  have  pierced  the  soil ;  Jf^ 
terminal  inflorescence^  .^,  the  same  seedling  older.  A 
second  inflorescence  is  developing  at  the  base  of  the  first 
one.  4,  portion  of  an  inflorescence  with  vegetative  shoot, 
the  young  two-armed  tubular  leaves  point  downwards. 
3,  naturalsize.    The  others  magnified. 


^  For  the  relationships  of  configuration  in  Utricularia,  see  Goebel,  Der  Auf  bau  von  Utricnlaria, 
m  Flora.  Ixxii  (1889) ;  id.,  Morphologische  nnd  biologische  Studien  :  V.  Utricularia,  in  Annales  du 
Jardin  botaoique  de  Buitenzorg,  ix  (1891)  ;  id.,  Pflanzenbiologische  Schildeningen,  ii  (1893).  The 
simply  organized  UtricnUria  Hookeri  was  unknown  to  me  at  the  time  of  my  earlier  investigations. 

'  In  Utricularia  vulgaris  also  the  tube  occasionally  appears  at  the  end  of  the  first  leaf  in  the  seed- 
ling.   See  Goebel,  Pflanzenbiologische  Schilderungen,  ii  (1893),  p.  141,  Fig.  43. 
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remarkable  here.     Leaf-roots  are,  however,  unknown  outside  the  genus 
Utricularia,  but  they  do  not  always  differ  very  markedly  from  the  leaves  of 

UtriculariaHookeri;  they 
retain  for  a  much  longer 
period  the  apical  growth 
which  is  present  at  first 
in  the  leaves  although 
only  for  a  short  time,  and 
they  remain  smaller  than 
the  foliage-leaves,  and  in 
this  exhibit  a  character 
seen  elsewhere  in  organs 
which  do  not  come  to  the 
light  But  in  other  species 
of  Utricularia  we  find  the 
organs  which  correspond 
to  the  leaf-roots  in  Utri- 
cularia Hookeri  develop- 
ing into  stolons  with  un- 
limited growth,  upon 
which  are  produced  the 
bladders,  the  foliage- 
leaves  ^,  the  inflorescence, 
and  other  lateral  shoots  ; 
— they  thus  lose  entirely 
the  leaf-character. 

Utrioularia  ooemlea. 
In  Fig.  1 7 1,  //,  we  have  an 
illustration  of  this  in  Utri- 
cularia coerulea.  At  the 
base  of  the  inflorescence 
there  are  no  foliage-leaves, 
but  only  organs,  K,  cor- 
responding to  leaf-roots, 
and  with  them  are 
branched  stolons  which 
bear  leaves,  b.  The  leaf- 
roots  may  pass  over  into 
stolons,  and  again  between 
these  stolons  and  the  foliage-leaves  there  are  found  in  many  species 
all  transitions,  of  which  I  have  before  now  given  many  examples. 


KiG.  170.  Utricularia  Hookeri.  Floweringr.plant  showing  the  snb- 
teiranean  parts  dissected  out ;  Z^,  foliage-leaves,  all  shaded  for  the  sake 
of  distinction ;  .S,  tubes ;  /?,  leaf-roots ;  Sj,  young  tube  at  the  end  of  a 
leaf-root ;  x  marks  where  the  ends  of  these  have  been  cut  off.  Magnified  3. 
A  portion,  three  centimeters  long,  has  been  cut  out  of  the  scape. 


*  These  turn  their  under-surface  to  the  apex  of  the  stolon,  and,  consequently,  axillary  shoots 
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The  leaves  in  many  species  are  marked  by  an  extraordinary  power  of 
reproduction ;  stolons,  even  new  leaves,  may  spring  from  the  leaves  (Fig.  171, 
/).  The  stolons  themselves  may  become  claw-like  anchoring-organs,  as 
in  Utricularia  neottioides,  or  tuberous  water-reservoirs.  In  brief,  we  may 
say  that  the  ordinary  scheme  of  formation  of  organs  is  jumbled  here. 

Examination  of  the  germination  and  a  comparison  of  the  history 
of  development  have  given  us  the  starting-point  of  all  these  mar- 
vellously varied  relationships.  The  seedling-plants  ^  in  most  of  the  inves- 
tigated  species  have  retained   the  behaviour  which   Utricularia  Hookeri 


Pig.  171.  /,  Utricularia  affinis.  ^,  a  ]ea<  which  has  shot  oat  a  stolon  and  also  a  second  lear,  ht.  11^  Utricu- 
laria coenilea.  Habit  of  a  flowering-plant,  the  flower  somewhat  withered.  .S",  remains  of  aeed^coat;  foliage-leaves, 
b^  are  not  found  now  at  the  base  of  tne  scape  of  the  inflorescence,  Jfy  but  only  leafy  stolons,  A^  and  leaf-roots,  K, 
Magnified. 

shows  throughout  its  life,  that  is  to  say,  the  tubes  stand  as  transformed 
entire  leaves  on  the  chief  axis,  while  we  find  them  also  in  many  other 
species  on  the  leaves.  Further,  the  stolons  which  arise  on  the  seedling- 
plant  resemble  at  first  the  leaf-roots,  but  afterwards  they  branch  in  the 
way  described  above. 

The  reasons  for  our  regarding  as  leaves  these  organs  which  have  such 
different  configuration  in  the  terrestrial  species  of  Utricularia  are  briefly  as 
follows : — 

I.  The  bladders.     The  leat-nature  of  the  bladders  is  determined  by 


of  these  leaves  arise  upon  the  side  away  from  the  apex  of  the  stolon,  and  this  is  a  feature  which  is 
altogether  opposed  to  an  interpretation  of  them  as  being  shoots. 

^  We  shall  return  to  these  when  speaking  of  the  cotyledons,  see  p.  254. 
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comparison  with  Genlisea,  as  well  as  by  the  history  of  development  and  by 
the  germination,  and  there  are  occasionally  forms  of  transition  between 
bladders  and  primary  leaves  ^. 

2.  We  saw  that  the  stolons  appear  at  different  stages.  We  find  all 
transitions  between  foliage-leaves  and  stolons,  for  instance  in  Utricularia 
longifolia,  U.  bryophila,  U.  coerulea,  and  others. 

3.  Leaves  and  stolons  are  alike  in  their  position  on  the  shoot  of  the 
seedling,  and  we  see,  further,  that  stolons  may  also  appear  instead  of  the 

prophylls  of  the  flower  and  the  bracts  of 
the  inflorescence. 

It  is  therefore  evident  that  the  way 
in  which  the  formation  of  organs  in 
these  species  of  Utricularia  has  come  to 
pass  leaves  no  room  for  doubt. 

The   species    of   Utricularia  which 

have  been  hitherto  spoken  about  are  not 

found  in  the  European  Flora.     In  it  we 

only  know  of  formswhich  live  in  water  and 

have   long,  floating,  distichously- leaved 

*  shoots.*        Comparative    consideration 

leads  to  the  conclusion  that  these  aquatic 

^-  species  are  derived  forms  in  which  the 

*^y  shoot  of  the  embryo  does  not  develop  ^ 

|>  whilst  a  stolon  grows  into  the  *  shoot '  of 

the  plant  and  produces  inflorescences, 
lateral  shoots,  and  other  parts,  that  is  to 
say  the  same  structures  as  we  have  seen 
to  be  formed  out  of  the  leaf-roots  or 
leaves  in  the  terrestrial  species.  The 
aquatic  species  of  Utricularia  therefore 
furnish  us  with  the  most  striking  example 

of  a  free-living  leaf,  although  it  has  entirely  thrown  off  the  features  of  the 

ordinary  leaf. 

The  remarkable  protean  organ  which  we  find  in  Utricularia  appears  to  me  to 


'^1 


Fig.  17a, 
bad-formin?  leaf 


Adiantum  Edgeworthi, 
Iff  leaf ;  *,  first  leaf  of  bud,  j,  arising 
the  tip  of  a  leaf  far  removed  from  the  apex  ofthe 


dge^ 
b^  first  leaf  of  bud,  j,  arisinj 
r  removed  ' 
stem.*  One-half  natural  size. 


Habit  of 

at 


*  If  we  start  from  Genlisea  and  compare  therewith  forms,  such  as  Polypompholyx  as  well  as 
Utricularia  Hookeri,  where  transitions  between  bladders  and  stolons  are  to  be  found,  we  might  come 
to  the  conclusion  that  the  steps  of  the  transformation  were  as  follows : — 

1.  Leafy  plants  with  roots  as  in  Pinguicula. 

2.  Parts  of  the  leaves  are  formed  as  tubes  to  penetrate  the  soil.    The  roots  become  reduced  as 
useless  organs. 

3.  The  stalk  of  the  tube  is  partly  formed  into  leaf-root,  with  arrest  of  the  formation  of  tube,  as 
in  Utricularia  Hookeri  and  Polypompholyx. 

4.  The  leaf-roots  become  stolons  which  form  the  leaves  and  tubes. 
^  In  the  terrestrial  form  it  makes  an  inflorescence. 
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be  connected  with  the  relationships  of  nutrition  of  the  plant.  I  do  not  mean  to 
say  that  the  manifold  variations  of  the  formation  of  the  organ  are  directly  conditioned 
by  the  relationships  of  nutrition,  but  Utricularia  is,  by  its  carnivorous  habit,  made 
independent  of  the  substratum,  and  it  can  therefore,  if  the  expression  may  be 
allowed,  indulge  its  fancy  in  the  same  way  as  a  rich  man  does.  The  fate  of  the 
poor  is  just  like  that  of  the  ordinary  plant — to  be  kept  strictly  to  the  iron  fate  of 
the  requirements  of  life.  On  a  former  occasion*  I  said  that  the  Podostemaceae  is 
a  group  of  water-plants  whose  manifold  configuration  of  vegetative  organs  cannot 
be  referred  back  as  an  adaptation,  but  that  living  as  they  do  in  places  whence  plant- 
competitors  and  many  animal- 
enemies  are  excluded,  they  can 
retain  in -great  measure  the  forms 
that  may  arise  through  *  sports  of 
configuration.'  In  Utricularia  it 
has  not  been  the  habitat  but  the 
relationships  of  nutrition  which 
have  given  rein  to  the  *  sports  of 
configuration,'  and  adjuvant 
thereto  are  naturally  the  *  inner ' 
factors,  especially  the  prolonged 
apical  growth  of  the  large  leaves 
of  Utricularia  which  favoured 
their  further  development. 


Pig.  173.  Adiantam  Bd^eworthi.  Origin  of  leaf'borae  badt. 
/,  ap«x  of  leaf  seen  from  above ;  the  apiciQ  cell  has  divided  by  a 
cross-wall ;  x.  position  at  which  the  first  leaf  of  the  bad  arises ; 
y^  position  of  origin  of  the  lateral  leaf-series  whence  usually  in  a 
'     '  '  '       J      .—       .r  apex  of  leaf  seen  from  the  side; 

of  leaf  in  optical  loiuritadinal 
.  .  first  leaf  of  the  bud.  7k,  some- 
what older  stafe  than  ///.  V.  apex  of  leaf  in  longitudinal  section  ; 
J,  apex  of  the  bud  surroundea  by  scales ;  b^  first  leaf  looking  like 
the  continuation  of  the  mother-leaf;  w,  incipient  root.  I~IV^ 
highly  magnified  ;  F,  less  highly  magnified. 


FUioineae.  The  trans- 
formation of  leaves  into  shoots, 
as  we  find  it  in  some  ferns 
whose  leaves  are  characterized 
by  prolonged  apical  growth, 
must  be  added  to  the  cases 
which  have  just  been  described.  This  transformation  is  by  no  means 
infrequent.  I  first  showed  it  in  Adiantum  Edgeworthi  (Fig.  17a), 
where,  as  in  some  species  of  Aneimia,  for  example  Aneimia  rotundifolia, 
also  species  of  Asplenium  and  other  genera,  we  find  the  upper  portion 
of  the  leaf  prolonged  into  a  fiagellum,  and  at  the  end  of  this  a  new 
fern-plantlet  (Fig.  173).  It  is  clear  that  by  this  elongation  of  the  leaf  the 
plantlet  produced  upon  it  is  widely  separated  from  the  mother-plant,  in  the 
same  way  as  happens  in  the  runner  of  a  strawberry,  and  in  the  fern  the 
young  plantlet  at  the  tip  of  the  *  fiagellum  '  is,  as  in  the  strawberry,  already 
provided  with  the  primordia  of  roots.  The  question  now  is,  Does  the  new 
plantlet  really  grow  out  of  the  tip  of  the  leaf}  The  formation  of  buds  upon 
the  leaves  of  ferns  is  a  wide-spread  phenomenon,  and  therefore  we  may 


'  See  Goebel,  Pflanzenbiologische  Schildemngen,  ii  (1893),  p.  227.  Reinke  has  recently  expressed 
similar  views  regarding  the  interesting  relations  of  configuration  in  Caulerpa. 
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have  here  as  elsewhere  a  bud  laid  down  near  the  tip  ^.  My  investigations 
enable  me  to  answer  the  question  in  the  affirmative.  The  leaves  of  Adi- 
antum  Edgeworthi  show  at  their  apex  a  two-sided  apical  cell,  like  the  leaves 
of  other  leptosporangiate  Filicineae  ^,  and  from  it  two  rows  of  segments  are 
formed.  Preparations  of  the  tip  of  the  leaf  repeatedly  showed  a  stage  in 
which  this  apical  cell  was  divided  by  a  wall  at  right  angles  to  its  bent  side- 
walls  (Fig.  173,  /,  //),  and  thus  two  apical  cells  were  produced,  each  of 
which  approached  in  form  that  of  the  three-sided  pyramid  as  it  is  found  in 
the  apical  cell  of  the  stem  of  many  ferns,  and  one  of  them  became  the  apical 
cell  of  the  bud  arising  at  the  tip  of  the  leaf  (Fig.  173,  ///,  IV,  V).  The 
first  leaf  of  the  bud,  however,  does  not  proceed  from  the  new  vegetative 
point  produced  out  of  the  tip  of  the  leaf,  but  from  a  position  near  it  upon 
the  convex  side  of  the  mother-leaf* — an  unexpected  phenomenon,  but 
one  with  which  we  can  find  a  parallel  in  the  formation  of  the  embryo,  and 
in  the  apogamous  origin  of  a  fern-plant.  The  young  plant  soon  forms  endo- 
genetically  the  primordium  of  a  root  and  then  many  leaf-primordia,  and  so 
it  develops  further ;  as  its  leaves  repeat  the  process  through  which  it  arose 
there  is  created  quite  a  small  colony  of  plants  through  these  *  wandering 
leaves.'  It  is  noteworthy  that  the  elongation  of  the  parent-leaf  into  a  fla- 
gellum  begins  only  after  the  formation  of  the  bud.  The  case  is  analogous 
with  that  of  the  roots  of  the  Filices,  in  which,  as  we  have  already  seen  *,  the 
transformation  into  a  shoot  may  be  supposed  to  take  place,  speaking  theo- 
retically, by  the  pushing  up  of  the  otherwise  lateral  formation  of  the  bud  ta 
the  tip  of  the  root ;  there  would  be  here  also  not  a  transformation  but 
a  terminal  new  formation. 


IV 

CONFORMATION  OF  THE  VEGETATIVE  ORGANS 
IN  THE  EMBRYO 

MORPHOLOGICAL  DIFFERENTIATION  OF  THE  EMBRYO, 

The  egg  is  originally  a  simple  cell.  It  becomes  the  embryo  by  dividing 
into  a  cell-body.  Numerous  investigations  during  the  last  ten  years  have 
made  known  the  connexion  between  the  arrangement  of  the  division-walls 


^  A  consideration  of  the  matured  condition  gives  no  clue  to  the  point  of  origin  of  the  bud. 

«  See  p.  316. 

'  The  early  inception  of  this  leaf  which  precedes  all  those  borne  upon  the  bud  itself  may  be 
explained  biologically :  it  b  developed  early  because  it  is  required  to  bring  food-material  to  the 
bud.  An  examination  of  the  older  stages  (Fig.  173,  V)  might  lead  one  to  consider  it  as  a  continua- 
tion of  the  leaf  upon  which  the  bud  sits ;  it  is  formed,  however,  undoubtedly  to  the  side  of  the 
original  leaf-tip.  *  See  p.  aaS. 
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and  the  primordia  of  organs,  and  the  differentiation  of  tissues.  We  may 
well  say  that  the  results  of  these  investigations  have  not  been  proportionate 
to  the  trouble  that  has  been  expended  upon  them,  in  so  fer  as  only  little  of 
general  significance  has  come  out  of  them.  On  this  ground  therefore 
a  discussion  of  the  details  will  not  be  attempted  here  ;  I  shall  only  try  to 
state  shortly  some  general  considerations. 

In  the  first  place  two  cases  must  be  distinguished : — 

1.  Where  the  whole  of  the  cell-body  which  is  derived  from  the  e^ 
becomes  devoted  to  the  formation  of  the  embryo. 

2.  Where  only  a  portion  of  this  cell-body  is  used  for  the  embryo,  another 
portion  serves  either  as  >Aitfoot  or  the  suspensor  to  bring  the  embryo  into 
the  most  favourable  conditions  for  nutrition,  and  after  it  has  done  its  work 
dies  off^.  We  shall  discuss  the  relationship  of  the  nutrition  of  the  embryo 
of  the  Spermophy ta  in  a  special  chapter,  we  shall  deal  at  present  only  with 
the  morphological  features. 

A.     PTERIDOPHYTA. 

Filioineae.  One  is  often  inclined  to  consider  the  development  of 
the  embryo  in  Filicineae  as  *  typical '  of  the  other  Pteridophyta ;  it  is,  how- 
ever, not  *  typical.*  In  judging  of  the  embryo  of  Filicineae  one  must  not 
forget  what  is,  however,  oflen  neglected,  namely  the  biological  relationship. 
In  the  prothallus  there  is  but  a  small  amount  of  reserve-material  laid  down 
relatively  to  what  is  the  case  in  the  Ophioglossaceae  and  most  species  of 
Lycopodium,  and  the  capacity  for  assimilation  of  the  prothallus  cannot  be 
very  great  on  account  of  its  small  size.  The  young  fern-plant  must  there- 
fore become  independent  at  an  early  period.  In  correspondence  with  this 
the  several  organs  are  differentiated  from  one  another  at  an  early  period. 
It  is  characteristic  of  the  embryo  that  there  arise  independently  of  one 
another:  (1)  stem-bud,  (2)  one  cotyledon — so  called  because  it  does  not 
arise  like  the  later  leaves  out  of  the  stem-bud,  (3)  first  root,  and  (4)  foot — 
a  suctorial  organ  or  haustorium,  by  means  of  which  the  embryo,  when  it  has 
burst  through  the  archegonium,  can  absorb  the  food-material  that  is  in  the 
prothallus,  and  which  also  serves  to  fix  the  embryo  before  the  root  has 
bored  into  the  soil.  The  position  in  the  embryo  where  these  organs  are 
formed  may  be  early  discerned.  The  embryo  (see  the  scheme  in  Fig.  1 75,  /) 
divides  into  octants,  of  which  one  furnishes  the  stem-bud,  two  others  the 
cotyledon — or  a  third  may  give  a  second  cotyledon — one  the  root,  and  the 
rest  are  devoted  to  the  foot.  It  would  be  an  error  to  assume  that  with 
the  first  divisions  a  material  differentiation  proceeds  in  the  embryo.  The 
regular  sequence  of  cell-division  permits  us  only  to  trace  relatively  far  back 
the  positions  occupied  later  by  the  primordia  of  the  organs.     The  embryo  is 


^  "BtiCtifoot  and  suspensor  may  occur  in  one  and  the  same  plant,  for  example  in  Selaginella. 

R  2 


Digitized  by 


Goo^^ 


244   ORGANS  IN  EMBRYO  OF  PTERIDOPHYTA  AND  SPERMOPHYTA 


at  first,  even  after  formation  of  the  octants,  still  composed  of  essentially 
similar  cells  in  which  then  gradually  a  difference  in  construction  appears. 
All  Filicineae,  as  it  appears,  are  alike  in  essentials,  but  in  the  Marattiaceae 
it  is  difficult  to  trace  back  the  single  organs  even  to  the  octants,  and  it  has 
not  been  achieved  yet  in  Botrychium. 

Isoetes.  In  this  genus  a  vegetative  point  to  the  stem  is  not  recog- 
nizable after  the  differentiation  of  the  root  and  the  cotyledon ;  it  only 
becomes  conspicuous  later,  and  the  feeble  formation  of  leaves  in  the  embryo- 
plant  is  probably  connected  with  this. 

Equisetum.  The  development  of  the  em- 
bryo is.  in  essentials  like  that  of  the  Filicineae, 
but  the  formation  of  the  leaves  in  the  embryo  is 
delayed.  It  takes  place,  as  in  some  Lycopodia 
which  germinate  underground,  only  to  form  a 
protection  to  the  apex  of  the  shoot. 

Lyoopodineae.  We  have  in  this  class  both 
monocotylous  and  dicotylous  embryos.  The  former 
are  found  in  Lycopodium  Selago,  L.  inundatum 
(Fig.  140,  3),  and  L.  cemuum,  as  well  as  in  allied 
forms.  The  latter  are  found  in  L.  clavatum  and 
L.  annotinum.  The  diflference  may  perhaps  be 
connected  with  the  life-relationships,  as  hypogeous 
germ-plants  require  to  have  the  apex  of  their  stem 
more  protected  by  the  formation  of  leaves  than  do 
the  epigeous.  Selaginella  (Fig.  174,  B)  has  two 
cotyledons.  The  embryo  of  Selaginella  spinulosa 
has  no  haustorium  (foot)  according  to  Bruchmann. 
The  embryos  of  the  Lycopodineae  which  have  been 
examined,  have  a  suspensor  (Fig.  175,  IV,  £"/),  and 
recall  in  this  the  features  of  Spermophyta.  The 
reference  of  the  organs  back  to  single  cells  in 
the  young  embryo  is,  in  most  cases,  impossible  here. 


Pig.  174.  Selaginella  denti- 
culata.  At  mature  plant  B, 
germ-plant  attached  to  the  me- 
gstspore  and  ihowing  two  foli- 
a|;e- leaves  above  the  two  coty- 
ledons. Magnified.  After 
Biacbofii:    LehiU 


B.  Spermophyta. 

It  IS  not  my  intention  to  review  in  this  book  the  well-known  facts  of 
embryogeny.  I  did  this  some  years  ago  *,  and  there  is  the  less  necessity  to 
repeat  here  what  I  then  said,  as  there  is  nothing  fundamentally  new  to 
add  to  it.  I  shall  therefore  only  shortly  touch  upon  the  most  important 
phenomena : — 

I.  The  embryo  of  the  Spermophyta  consists  in  typical  cases  of  a  root 


^  Goebel,  Vergleichende  Entwicklxingsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbach  der 
Botanik,  iii  (1884). 
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and  shoot.  The  shoot  having  one  or  more  cotyledons  is  divided  into  the 
vegetative  point  of  the  shoot,  and  the  h5q)ocotylous  segment  of  the  stem 
prolonged  into  the  first  root.  The  inception  of  the  root  may  take  place  in 
some  cases,  for  example  in  Gramineae,  in  such  a  way  that  practically  there 
is  no  hypocotylous  s^ment  of  the  stem. 

2.  These  organs  are  laid  down  independently  one  of  the  other,  and 
the  cotyledons  do  not  arise  at  the  vegetative  point  of  the  shoot.  The  vege- 
tative point  of  the  shoot  is  not  visible  in  many  embryos  within  the  seed. 


^$^^^^l^^»^i^^ 


F 


Fig.  175.  Schemes  of  orientation  of  orgrans  in  the  embryo  of  Pteridophyta.  In  the  firares:  S.  apex  of  stem  ;  F^ 
andy,  haustoriom  (foot) ;  G?,  cotyledon ;  w,  root  j  Et^  sospenaor ;  A^  archegoniom  ;  H^  hypocotyl.  /,  Homosporoos 
leptosporangiate  Pilidneae.  Yoanz  embryo  within  the  archegonial  venter.  77;  Botrychiom  virginiannm.  The 
wnole  lower  portion  of  the  embryo  becomes  haustoriom,  the  stem  and  the  root  proceed  from  the  upper  half.  IIT^ 
Lycopodiom  clavatum.  /K,  Selaginella.  The  schemes  have  been  constructed  by  the  help  of  figures  by  Jeffrey  in 
tlie  case  of  11^  by  Brachmann  for  Illy  and  by  Pfeffer  for  IV. 

nor  is  it  yet  visible  in  the  formation  of  the  first  leaves  in  many  of  the 
Monocotyledones  *. 

3.  The  differentiation  of  the  organs  may  at  most  in  some  cases  be 
carried  back  to  definite  cell-divisions  in  the  embryo,  but  here  we  must 
remember  what  I  have  already  said  regarding  the  Filicineae  that  the  actual 
separation  of  the  organs  begins  only  late,  even  although  the  arrangement  of 
the  cells  allows  of  deposition  upon  the  embryo  where  they  will  arise  being 
recognized  at  an  early  period.  *  We  know  no  more  than  this,  that  one 
portion  of  the  embryo  which  is  turned  to  the  micropyle  will  become  the 


'  We  may,  as  I  hare  already  said  (Vergleichende  Entwicklangsgeschichte  der  Pflanzenorgane,  in 
Schenk's  Handbnch  der  Botanik,  iii  (1884)),  consider  it  indeed  as  existing,  and  of  a  few  cells  not 
visible  externally.  The  necessity,  however,  of  such  an  assomption  does  not  seem  to  exist.    See  p.  235. 
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root,  whilst  the  cotyledons  in  the  Dicotyledones  and  the  Gymnospermae  are 
lateral  sproutings  of  the  embryo,  and  in  Monocotyledones  the  cotyledon  is 
apical,  although  not  always  so  ^'  This  tallies  with  what  I  have  so  often 
said,  that  a  differentiation  of  the  primarily  similar  cells  of  the  embryo  takes 
place  only  gradually. 


ORIENTATION  OF  THE  ORGANS  IN  THE  EMBRYO. 

The  arrangement  of  the  organs  in  the  embryo,  especially  the  relation- 
ships in  space  of  the  root,  the  cotyledon  or  cotyledons,  and  apex  of  the 
shoot  are  not  the  same  in  all  vascular  plants.  The  question  what  causes, 
external  or  internal,  determine  these  positions,  has  often  been  asked,  but 
not  so  far  as  I  can  see,  the  question  of  how  far  the  arrangements  stand  in 
connexion  with  the  relationships  of  life.  In  the  first  part  of  this  book 
I  have  explained  *  that  external  forces  do  not  come  into  consideration  in  the 
arrangement  in  space  of  the  parts  of  the  embryos,  therefore  we  have  here 
only  to  consider  internal  factors,  and  we  may  say  generally,  root^  shoots  and 
hausiorium  are  laid  down  in  the  positions  that  are  t/ic  most  beneficial  for 
their  function. 

A.      PTERIDOPHYTA. 

Amongst  the  Pteridophyta  we  have  to  consider  separately  the  forms  in 
which  there  is  no  suspensor  in  the  embryo,  and  the  forms  in  which  one 
exists.  When  the  suspensor  is  developed  there  is  in  consequence  of  it  a 
polar  differentiation,  and  the  end  of  the  embryo  which  is  turned  away  from 
the  suspensor  is  the  shoot-pole. 

{a)  Forms  without  a  Suspensor.  Filioineae.  A  scheme  of  the 
lie  of  the  parts  in  the  embryo  of  Filicineae  is  given  in  Fig.  175,  /• 
We  find  the  following  organs: — ^primordium  of  the  vegetative  point 
of  the  shoot,  ^S",  the  haustorium,  F^  the  cotyledon,  Co^  the  root,  W.  The 
archegonium  in  which  the  embryo  is  formed,  stands  upon  the  under 
side  of  the  prothallus :  it  is  clear  then  that  the  haustorium,  F,  which 
takes  the  nutrition  from  the  prothallus,  must  be  turned  towards  the 
prothallus ;  the  root,  Wy  will  most  easily  pierce  the  venter  of  the  arche- 
gonium when  it  lies  towards  the  downwardly  directed  side  of  the  embryo  ; 
the  vegetative  point  of  the  stem,  5,  if  it  were  not  already  upon  the  upper 
side,  must  reach  this  position  by  curvature ;  the  cotyledon,  Cb,  aids  in  the 
breaking  through  of  the  accrescent  venter  and  adjacent  tissue  of  the  arche- 
gonium, and  therefore  its  position  must  be  over  against  the  root.     How  in 


^  Gocbel,  Vergleichende  Entwiddnngsgeschichte  der  Pfltnzenorgane,  in  Schenk't  Handbnch  der 
Botanik,  iii  (1884),  p.  T71.  'See  Part  I,  p.  219. 
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the  horizontal  floating  megaspores  of  the  Marsiliaceae  these  positions  are 
reached  by  the  *  torsion  '  of  the  first  division-walls  of  the  embryo  has  been 
explained  before  ^  If  we  compare  now  the  formation  of  the  embryo  of 
Botrychium^  (Fig.  175,//),  we  find  that  in  it  the  shoot  and  root  both 
proceed  from  the  upper  part  of  the  embryo.  Were  the  root  to  originate 
below  in  this  case,  it  must  either  undergo  curving,  or  pierce  through  the 
tuberous  body  of  the  prothallus. 

Isoetes.  In  Isoetes,  whose  m^aspore  germinates,  not  in  the  hori- 
zontal, but  in  the  upright  position,  that  is  to  say  with  the  neck  of  the 
archegonium  upwards,  the  root  and  shoot  are  laid  down  in  the  upper  part  of 
the  embryo  as  in  Botrychium. 

{b)  Forms  with  a  Suspensor.  Lyoopodlum.  Lycopodium  clavatum 
(Fig.  175,  ///)  and  L.  annotinum^ 
may  be  taken  as  examples.  The 
embryo  is  provided  with  a  suspensor, 
Ety  which  gives  it  therefore  a  polar 
differentiation.  The  suspensor  sub- 
mits at  an  early  period  to  a  curvature 
which  brings  the  apex  of  the  embryo 
upwards  (see  also  Selaginella).  In 
an  old  embryo  we  find  on  the  lower 
side  a  massive  haustorium,  F,  around 
which  lies  the  nutritive  material.  On 
the  upper  side  we  find  the  apex  of 
the  stem,  S^  and  laterally  the  root,  W. 
The  bud  of  the  stem,  which  must 
rise  up  out  of  the  earth,  is  here 
covered  by  the  primordia  of  many 
leaves.  The  inception  of  the  root 
takes  place  relatively  late,  because 
the  tuberous  prothallus  which  is  rich 

in  reserve-material  permits  of  the  embryo  remaining  independent  for  a 
relatively  long  time. 

Selaginella.  Fig.  175,  /F,  shows  a  germ-plant  which  has  broken 
through  the  thick  wall  of  the  megaspore  surrounding  the  prothallus,  both 
by  its  hypocotylous  segment,  //,  and  by  its  root,  W.  This  has  taken  place 
at  the  position  where  the  thick  episporium  has  been  ruptured  by  the  pro- 
thallus.    The  arrangement   resembles  somewhat   that  of  Isoetes,  but  is 


Fig.  176.  Selaginella  Martensit.  Female  pro- 
t hallos,  /r,  projecting  from  the  rnptared  wall,  spm^  of 
the  megaspore  ;  ar.  sterile  archegonium  ;  tfnbi.  emb^^ 
two  embryos  embedded  in  the  tissue  of  the  protnalhu ; 
ei^  ett  snspensors.  Magnified  134.  Adjusted  after 
Pfeffer.    Lehrb. 


*  Sec  Part  I,  p.  lao. 

'  See  Jeffrey,  The  Gametophyte  of  Botrychium  virginianum,  Studies  from  the  University  of  Toronto, 
Biological  Series,  1898. 

'  See  Bmchmann,  Ober  die  Prothallien  und  die  Keimpflanzen  mehrerer  europaischer  Lycopodien, 
Gotha,  1898. 
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brought  about  really  in  quite  a  different  way.  As  Fig.  176  shows,  the 
embryo  is  pushed  into  the  prothallus  by  the  suspensor,  et  The  apex  of 
the  embryo  forms  the  shoot-portion  which  curves,  efub.^,  so  that  the  point  at 
which  the  thick  megaspore,  spm,  is  ruptured,  is  reached.  The  root,  W  (Fig. 
'^75i  ^^9  is  laid  down  relatively  late  when  the  embryo  is  already  bent  at 
nearly  a  right  angle  to  the  suspensor,  and  then  in  such  a  way  that  it  at  once 
is  in  the  most  favourable  position  /or  reaching  the  ruptured  portion  of  the 
wall  of  the  m^aspore,  that  is  to  say,  it  is  laid  down  in  a  nearly  horizontal 
position.  Selaginella  is  also  of  interest,  inasmuch  as  in  it  the  root,  at  least 
subsequently,  falls  fairly  accurately  in  the  long  axis  of  the  hypocotylous 
segment  of  the  stem^  (Fig.  174,  B\  a  feature  in  which  it  differs  from  all 
other  Pteridophyta,  and  which  gives  it  a  striking  resemblance  in  habit  to 
the  seedling  of  the  Dicotyledones. 


B.      SPERMOPHYTA. 

In  this  group  the  polar  differentiation  of  the  embryo  is  established 
from  the  beginning,  as  it  is  in  the  Lycopodineae,  because  the  fertilized  egg 
is  fixed  in  the  embryo-sac  on  one  side  and  usually  by  a  suspensor  *.  The 
end  of  the  embryo-sac  to  which  the  embryo  is  fixed,  is  that  next  the 
micropyle,  and  the  side  turned  away  from  this  becomes  the  shoot-pole  of  the 
embryo.  The  root  arises  on  the  micropylar  side.  This  is  of  advantage, 
as  in  most  Spermophyta  the  root  (including  the  hypocotyl)  passes  out 
through  the  micropyle.  Water  is  necessary  for  this,  and  the  micropyle 
serves  as  one  of  the  points  of  the  seed-coat  through  which  the  entrance  of 
water  can  be  most  rapidly  effected.  The  arrangements  for  the  nutrition  of 
the  embryo  in  the  seed  will,  as  I  have  said,  be  discussed  along  with  the 
details  of  the  formation  of  the  seed,  in  this  place  I  shall  only  describe  the 
configuration  of  the  embryo  in  the  seed. 

In  the  Pteridophyta  the  development  of  the  fertilized  egg  proceeds 
uninterruptedly ;  there  is  no  resting  period  interposed.  But  in  the  Spermo- 
phyta the  embryo,  with  only  a  few  exceptions,  which  will  be  presently  men- 
tioned, experiences  either  sooner  or  later  an  interruption  of  its  development 
which  is  only  resumed  in  germination.  The  degree  of  development  which  the 
embryo  has  attained  at  the  moment  when  the  seed  is  ripe  varies,  and  has 
relation  both  to  the  amount  of  differentiation,  that  is  to  say,  to  the  kind 
and  number  of  the  organs  in  general,  and  to  the  transformations  which 
are  associated  with  the  deposition  of  the  reserve-material  in  the  embryo. 

I.     DIFFERENTIATION   OF   THE  EMBRYO. 

A  *  normal '  embryo  consists  of  root  and  shoot,  the  shoot  exhibiting 


*  It  is  really  laid  down  laterally.  '  See  Part  I,  p.  220,  footnote. 
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a  cotyledon  or  cotyledons,  an  axis,  and  a  vegetative  point  upon  which 
there  may  often  be  found  primordia  of  leaves.  In  this  form  the  embryo 
is  ready  for  germination.  But  deviations  from  this  naturally  raise  the 
question — Why  should  these  be? 

I.  Incomplete  Embryos.  In  a  number  of  plants  the  embryo  is  an 
undifferentiated  cell-mass  at  the  moment  when  the  seed  falls  from  the  mother- 
plant.  We  must  regard  it  in  this  state  as  a  retarded  formation,  and  it  is 
correspondingly  small.  We  may  recognize  two  groups  amongst  these 
incomplete  embryos : — 

1.  That  in  which  the  retardation  lasts  for  a  relatively  short  time  and 
the  embryo  develops  further  in  the  seed  after  its  fall.  We  have  here  a  kind 
of  after -ripening  such  as  takes  place  when  seeds  are  artificially  plucked 
from  the  mother-plant. 

2.  That  in  which  the  incomplete  formation  of  the  embryo  persists 
during  the  whole  period  of  quiescence  of  the  seed  up  to  the  moment  of 
germination.  To  this  group  belong  a  number  of  saprophytes  and  parasites, 
as  well  as  a  number  of  other  plants. 

(a)  Embryos  temporarily  retarded  within  the  seed.  In  order  that  we 
may  see  how  far  this  is  a  biological  group  we  must  consider  a  number  of 
individual  cases : — 

A.    DICOTYLEDONES. 

£rantbi8  hyemalis.  Baillon  ^  has  briefly  said  regarding  this  embryo  '  it  has 
long  been  known  that  the  mature  seeds  do  not  contain  an  embryo.'  How  then 
does  the  plant  maintain  itself?  That  no  visible  embryo  exists  in  a  ripe  seed  is, 
however,  improbable,  and  as  a  matter  of  fact  the  embryo  in  the  ripe  seed  of 
Eranthis  hyemalis  is  a  cell-mass  like  that  which  we  know  in  other  Ranunculaceae 
and  elsewhere  amongst  dicotylous  plants  at  the  stage  of  development  preceding 
the  laying  down  of  the  cotyledons ;  that  is  to  say,  the  embryo  is  no  longer 
quite  spherical  but  somewhat  flattened  at  its  anterior  end.  It  is  so  small  that  it 
may  be  easily  overlooked  in  a  casual  examination. 

Banunculus  Ficaria.  Ranunculus  Ficaria  behaves  in  exactly  the  same 
manner.  It  would  be  superfluous  to  describe  here  the  embryo  of  this  plant,  for 
this  has  been  already  so  well  done  by  Hofmeister^  and  Hegelmaier*.  Hofmeister 
says  that  the  embryo  in  the  matured  seed  has  a  spherical  form,  whilst  Hegelmaier 
states  that  it  is  arrested  in  the  stage  preceding  the  laying  down  of  the  cotyledons. 


^  BaiUon,  Snr  Vembryon  et  la  germination  des  graioes  de  TEranthis  hiemalis,  in  Bulletin  de  la 
Soci^t^  Linn^enne  de  Paris,  No.  a,  s^ce  dn  3  jain  1874,  p.  14. 

^  Ho&neister,  Nenere  Beobachtongen  tiber  Embryobildung  der  Phanerogamen,  in  Pringsheiin*8 
Jahrbucher,  i  (1858),  p.  83. 

'  H^elmaier,  Vergleichende  Untersnchnng  iiber  Entwicklong  dikotyledoner  Keime,  Stuttgart, 
1878. 


Digitized  by 


QjOo^^ 


250  ORGANS  IN  EMBRYO  OF  PTERIDOPHYTA  AND  SPERMOPHYTA 

He  did  not  succeed  in  causing  seeds  to  develop  further  in  a  chamber,  but  this 
takes  place  not  infrequently  in  nature '. 

Anemone.  The  features  exhibited  in  the  genus  Anemone*  are  interesting. 
The  embryo  is  sometimes  dicotylous,  sometimes  acotylous,  as  in  the  sections 
Sylvia  and  Hepatica.  The  size  and  degree  of  development  of  the  embryo  varies 
even  in  one  and  the  same  plant.  In  Anemone  trifolia  the  cotyledons  are  occa- 
sionally developed;  usually  the  embryo  is  a  spherical  unsegmented  body,  as  for 
example  in  Anemone  nemorosa,  A.  ranunculoides,  and  A.  Hepatica ;  the  Pulsatilleae 
have  a  small  dicotylous  embryo.  Germination  takes  place  in  them  only  in  the 
year  following  the  formation  of  seed,  although  the  root  breaks  through  the  pericarp 
commonly  in  the  autumn  of  the  preceding  year. 

Fumariaceae.  In  Corydalis  cava'  and  C.  solida^  it  is  known ^  that  the 
embryo  which  is  only  a  small  undifferentiated  cell-body  in  the  seed  at  the  time  of 
its  fall  develops  further  in  the  course  of  the  summer  and  autumn,  and  when 
germination  takes  place  the  seedling  bears,  as  in  the  case  of  Ranunculus  Ficaria 
and  Anemone  apennina  •,  only  one  cotyledon. 

Stylidiaceae.  The  species  of  Stylidium  ^  which  have  been  examined  have  an 
undifferentiated  embryo  without  any  indication  of  cotyledons  and  root. 


B.    MONOCOTYLEDONES. 

That  an  undifferentiated  embryo  v^ithout  any  indication  of  cotyledons 
and  root  may  occur  in  Monocotyledones  was  pointed  out  fifty  years  ago 
by  Hofmeister^,  but  his  observation  appears  to  have  been  overlooked. 
Speaking  of 

Qagea  arvensis  he  says : — *  The  embryo  forms  an  ovoid  cell-mass.  When  its 
formation  has  proceeded  so  far  that  it  shows  in  the  direction  of  its  longitudinal 
axis  twenty-four  ceUs  and  in  its  small  axis  twelve  cells,  the  walls  of  the  cells  of  the 
endosperm  which  for  some  time  have  closely  invested  it  .  .  .  begin  to  show  a 
thickening,  the  cells  of  the  embryo  become  filled  with  granular  material  and  lose 
sap — the  period  of  ripening  of  the  seed  is  entered  upon.     Gagea  therefore  furnishes 


>  See  Innisch,  Beitrage  zur  vergleichenden  Morphologic  der  Pflanzen :  I.  Rannncnlus  Ficaria, 
Halle,  1854. 

'  Janczewski,  Etndes  morphologiqnes  snr  le  genre  Anemone,  in  Revue  de  Botanique,  iv  (189a), 
p.  241. 

'  Bischoff,  Beobachtungen  Uber  den  eigenthiimlichen  Gang  des  Keimens  and  der  Entwicklnng  der 
Knollen  bei  Corydalis- Arten,  in  Tiedemann  et  Treviranus,  Zeitschrift  fiir  Physiologie,  iv  (1831). 
Bischoff  could  not  find  an  embryo  in  the  ripe  seed,  it  only  became  evident  towards  the  end  of  August. 

^  Irmisch,  Uber  einige  Fumariaceen,  in  Abhandlungen  der  naturforschenden  Gesellschaft  sn 
Halle,  iv  (i860);  Hegelmaier,  Vergleichende  Untersuchungen  iiber  Entwicklnng  dikotyledoner 
Keime,  Stuttgart,  1878. 

*  Hofmeister,  Neuere  Beobachtungen  iiber  Embxyobildung  der  Phanerogamen,  in  Pringsheim's 
Jahrbiicher,  i  (1858),  p.  83. 

*  See  Janczewski,  op.  dt.,  p.  296. 

^  Bums,  Beitiiige  zur  Kenntniss  der  Stylidiaceen,  in  Flora,  Ixxxvii  (1900),  p.  354. 

*  Hofmeister,  Die  Entstehung  des  Embryo  der  Phanerogamen,  Leipz^,  1849,  p.  43. 
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the  interesting  example  of  a  plant  of  which  we  can  scarcely  say  that  it  is  nourished 
only  from  organic  matenal .  ,  .  and  whose  embryo — like  that  of  Orchis  although 
composed  of  more  cells,  not  to  mention  the  embryo  of  Monotropa  which  is  never 
more  than  i/ioo'^'  in  diameter — consists  of  a  homogeneous  cell-mass  and  at  the 
period  of  ripening  of  the  seed  possesses  none  of  the  vegetative  organs  (terminal 
bud,  rootlet,  and  cotyledon)  which  we  meet  with  in  the  majority  of  Phanerogams.* 
The  seeds  of  Gagea  lutea  which  I  examined  ripened  at  the  end  of  May,  at  which 
time  the  leaves  had  passed  out  of  the  condition  of  active  life.  The  embryo  to 
which  the  upper  portion  of  the  suspensor  is  attached  is  an  ovoid  body,  which  in 
one  carefully  examined  case  had  a  length  of  026  mm.  and  a  breadth  of  0-17  mm. 
In  its  lower  third  a  shallow  pit  was  visible  marking  the  position  of  the  vegetative 
point  of  the  shoot  or  that  of  the  very  slightly  conspicuous  cotylar  sheath.  The 
formation  of  the  root  was  scarcely  visible.  The  embryo  was  altogether  more 
differentiated  than  was  to  be  expected  after  Hofmeister's  statement,  but  it  was  still 
incomplete.  I  did  not  examine  into  the  question  of  when  its  further  development 
b^an. 

Of  other  Monocotyledones  I  may  mention : — 

Paris  quadrifolia.  The  embryo  of  this  plant  is  figured  by  Gaertner  as 
a  small  undifferentiated  body,  but  at  germination  it  is  normally  developed. 

Erythroniuin  Dens-canis.  The  embryo  of  Erythronium  Dens-canis  is  said 
by  Irmisch  *  to  be  a  spherical  body  pointed  at  the  root-end. 

Hymenocallis  speoiosa.  A.  Braun'  describes  the  embryo  of  the  amarylli- 
daceous  Hymenocallis  speciosa  as  spherical  and  scarcely  a  third  of  a  millimeter  in 
diameter. 

Croons  yemiis.  In  Crocus  vernus  I  found  complete  embryos,  and  in  the 
cotylar  pit  was  developed  the  primordium  of  a  second  leaf. 

Seilla  sibirica.  Scilla  sibirica  has  an  embryo  which  is  further  developed 
than  that  of  Gagea,  and  possesses  a  deeper  pit  of  the  cotylar  sheath. 

There  are,  as  will  be  seen,  all  stages  of  transition  from  complete  to  incomplete 
embryos,  and  in  the  former  before  the  germination  a  further  development  of  the 
organs  that  are  laid  down  is  initiated. 

C.    GYMNOSPERMAE. 

I  will  only  mention  here  the  cases  of  Ginkgo  biloba  and  Gnetum. 

Qinkgo  biloba.  In  Ginkgo  fertilization,  and  consequently  the  development 
of  the  embryo,  takes  place  in  fallen  seeds. 

Gnetum  Qnemon.  In  Gnetum  Gnemon '  the  primordium  of  the  embryo  has 
been  formed  at  the  time  when  the  seed  falls,  but  it  only  develops  further  at  a  later 
period. 


'  Irmisch,  Beitiiige  zur  vergleichenden  Moiphologie  der  Pflanzen :  IV.  2.  Erythronium  Dens-canis, 
Halle,  1865. 

*  A.  Brann,  tJber  Polyembryonie   und  Keimong   von  Coelebogyne,   in  Archiv  der    Berlmer 
Akademie,  i860,  p.  17a. 

•  Lotsy,  Contribntions  to  the  life-history  of  Gnetum  Gnemon,  in  Annales  du  Jardin  botaniqne  de 
Bnitenzorg,  xvi  (1899),  p.  46.    literature  is  cited  in  this  paper. 
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I  mention  these  two  cases  here  but  remark  at  the  same  time  that  I  would 
urge  care  in  the  consideration  of  what  is  said  regarding  them,  because  the  proper 
relationships  of  the  formation  of  the  embryo  to  the  life-conditions  can  only  be 
obtained  in  the  natural  home  of  the  plants. 

From  the  examples  which  have  been  cited  it  may  be  gathered  that  the 
behaviour  of  the  embryos  of  which  I  am  speaking  is  no  exceptional  one. 

About  the  causes  which  bring  it  about  we  know  really  nothing,  although 
various  conjectures  may  be  advanced.  The  most  evident  is  that  the 
optimum  of  temperature  for  the  development  of  the  embryo  is  higher  than 
that  for  the  formation  of  endosperm,  and  that  between  the  two  there  is 
a  consequent  correlation.  One  might  also  suggest  that  there  was  some 
correlation  in  the  relationship  between  the  formation  of  seeds  and  the  de- 
position of  reserve-material  in  tubers,  bulbs,  and  rhizomes,  and  this  has  been 
established  in  some  plants  ^.  But  as  the  seeds  are  provided  in  the  endo- 
sperm with  all  the  necessary  material  which  is  subsequently  required 
for  the  complete  formation  of  the  embryo  such  a  relationship  is  less 
probable. 

Another  question  that  arises  is.  Can  we  give  a  biological  explanation  of 
this  embryogeny  ? 

I  have  elsewhere  ^  pointed  out  that  perhaps  a  relationship  to  external 
factors  may  be  recognized.  Most  of  the  plants  exhibiting  the  features  in 
question  are  *  spring-plants  which  have  but  a  short  period  of  development  ^, 
and  this  occurs  at  a  time  when  very  few  plants  are  strongly  developed  and 
the  foliation  of  the  trees  in  the  wood  is  not  yet  thick ;  it  therefore  must 
give  them  an  advantage  over  other  plants.  Teleologically  considered  it  is 
of  importance  for  them  that  the  duration  of  the  development  of  seed  upon 
the  mother-plant  should  also  be  shortened.  The  mother-plant  provides 
the  seed  indeed  with  endosperm,  but  the  further  development  which  usually 
goes  on  upon  the  mother-plant  during  a  long  period  takes  place  here  in  the 
seed  after  it  has  fallen.'  That  the  slow  development  of  such  seeds  with 
incomplete  embryos  brings  it  about  that  they  germinate  only  at  a  late 
period,  and  at  a  time  which  falls  in  with  the  normal  period  of  development 
of  the  plant,  favours  their  obtaining  proper  conditions  for  germination 
and  must  not  be  overlooked*.  The  seeds  of  Eranthis,  for  example, 
always  germinate,  favourable  conditions  being  supposed,  in  February  or 


*  See  the  literature  cited  in  Part  I,  on  p.  213. 

*  Goebel,  Pflanzenblologische  Schilderungen,  i  (1889),  p.  118. 

*  Spring  plants  which  vegetate  far  into  the  snmmer,  like  Chrysospleninm  altemifolium,  Symph3^m 
bnlbosum,  Pnlmonaria,  and  others,  and  form  also  their  seeds  slowly,  have  complete  embryos  so  far 
as  I  know. 

*  Haberlandt,  Schutzeinrichtnng  der  Keimpflanzen,  Wien,  1877,  p.  50,  expresses  himself  in  a  like 
sense  regarding  Eranthis. 
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March,  and  therefore  it  must  happen  that  the  stage  of  development  in  which 
they  are  capable  of  germination  is  reached  only  after  sowing  and  during  the 
process  of  ripening  of  the  seed.  The  like  may  be  said  of  the  species  of 
Anemone,  the  complete  embryos  of  which  germinate  after  some  weeks,  but 
the  incomplete  ones  only  in  the  spring  after  sowing.  I  think,  however,  that 
the  shortening  of  the  development  in  relation  to  evolution  of  the  plant  in 
spring  is  the  more  important.  On  the  one  hand  we  see  in  not  a  few  plants 
that  the  development  of  the  embryo  takes  more  time  really  than  does  that 
of  the  endosperm.  On  the  other  hand  it  is  questionable  if  any  injury  would 
accrue  to  a  plant  of  Hepatica  or  of  Leucojum  if  its  seeds,  in  this  case 
provided  with  complete  embryos,  were  to  germinate  in  the  summer  after 
their  formation. 

The  Stylidiaceae  also  have  only  a  short  vegetation  period  before  the 
dry  period  in  which  they  rest,  and  perhaps  in  other  plants  of  their  habitat 
and  other  physiologically  analogous  districts  similar  relationships  might 
be  found. 

(b)  Embryos  incomplete  up  to  the  Time  of  Germination. — In  this 
category  we  include  a  number  of  plants  which  so  far  as  I  can  see  possess 
only  one  common  biological  character — they  have  small  seeds: — 

Junous  glaiious.  Juncus  glaucus  and  perhaps  other  species  of  the  genus 
are  illustrations  ^  Embryos  removed  by  pressure  from  the  ripe  seeds  show  that 
the  stage  of  development  reached  by  them,  especially  with  regard  to  the  primordium 
of  the  root,  is  not  the  same  in  every  case.  The  cotylar  end  is  easily  distinguished 
by  its  larger  ceUs  and  greater  thickness  from  the  other.  A  definitely  limited 
v^etative  point  of  the  shoot  is  not  visible,  yet  the  embryo  which  has  already 
reached  its  full  length  is  more  developed  than  is  that  of  most  of  the  Orchideae. 

Orohideae.  Amongst  our  endemic  Orchideae  the  embryo  is  an  ovoid  cell-mass 
in  which  there  is  no  dififerentiation  of  cotyledon,  of  bud  of  the  stem,  or  of  root,  and 
the  meristem  is  only  present  to  this  extent  that  a  layer  of  dermatogen  which  is  not 
always  sharply  limited  covers  the  embryo.  On  the  other  hand  Treub  has  found 
in  Sobralia  macrantha  both  the  cotyledon  and  the  bud  of  the  stem  at  least  indicated 
in  the  embryo.  The  primordium  of  a  chief  root  is  never  found  in  the  embryo  nor 
does  it  appear  even  in  germination ",  the  lower  portion  of  the  embryo  which  is  not 
differentiated  into  hypocotyl  and  root  swells  up  into  a  tuber  and  becomes  fastened 
to  the  soil  by  a  number  of  root-hairs,  whikt  from  the  apical  part  the  cotyledon 
proceeds.  Epiphytic  Orchideae  which  have  been  examined  show  like  features, 
and  divergent  statements  regarding  the  vegetation  of  terrestrial  Orchideae  appear 
to  me  to  be  untrustworthy,  because  when  the  apical  cotyledon  is  relatively  small 


^  Cladinm  Marisciis  behaves  in  an  analogous  way,  see  Didrichsen,  Om  Cyperaceems  Kim^  ii,  in 
Botanisk  Tidsskrift,  xxi  (1897-8).    Schoenos  nigricans  has  a  similar  embryo. 
*  See  p.  aja. 
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and  the  lower  end  of  the  embryo  large  and  swollen,  the  appearance  may  readily 
suggest  that  the  origin  of  the  bud  of  the  stem  is  terminal,  as  has  been  often 
asserted:  The  embryo  of  the  Orchideae  is  then  to  be  regarded  as  a  simple 
retarded  form  of  the  ordinary  monocotylous  embryo  whose  apical  portion  develops 
subsequently  into  the  cotyledon. 

Diootylous  saprophytes.  Most  of  the  Orchideae  are  humus-plants,  and  it  is 
noteworthy  that  dicotylous  saprophytes,  such  as  the  Pyrolaceae,  the  gentianaceous 
Voyria,  and  others,  show  a  reduction  of  the  embryo  like  that  of  the  Orchideae. 
In  Monotropa  the  embryo  has  but  nine  cells  \  The  germination  of  the  seeds  of 
these  dicotylous  saprophytes  is  unknown.  It  takes  place  only  in  the  presence  of 
very  special  surroundings.  Probably  the  fungi  which  are  found  in  the  roots  in 
symbiosis  are  essential.  The  smallness  of  the  seeds  allows  of  a  large  number 
being  formed,  and  thus  the  probability  that  one  of  the  seeds  at  least  will  reach 
favourable  conditions  for  germination  is  increased. 

Parasites.  Many  parasites  show  exactly  the  same  condition.  Incompleteness 
in  the  construction  of  the  embryo  is  not  necessarily  associated  with  parasitism. 
The  mistletoe,  which  is  a  chlorophyllous  parasite,  develops  a  large  and  well- 
constructed  embryo,  and  the  same  is  true  of  Lathraea  which  has  no  chlorophyll 
In  the  parasitic  Cuscuta  the  embryo  is  not  only  somewhat  large  and  long,  but  the 
chief  root  is  incompletely  formed.  It  wants  a  certain  portion  of  the  tip  of  the  root 
together  with  the  root-cap,  so  that  it  appears  as  if  it  were  unclosed.  It  does  not 
require  a  greater  differentiation,  as  in  germination  it  functions  for  a  short  time  only 
until  the  embryo-plant  has  been  able  to  reach  the  host  on  which  it  fastens  itself 
by  means  of  its  haustoria.  The  root  then  dies  along  with  the  whole  lower  portion 
of  the  embryo-plant,  and  the  plant  then  becomes  entirely  parasitic  upon  the  host.  The 
embryo  of  Orobanche'  is  even  less  formed.  It  is  laid  down  like  an  ordinary 
dicotylous  embryo,  but  it  remains  stationary  at  an  early  stage  of  development,  and 
is  represented  in  the  ripe  seed  by  an  undifferentiated  cell-mass.  The  same  is  true 
of  other  parasites,  such  as  those  of  the  Balanophoreae  and  Rafflesiaceae. 

Utrionlaria.  Of  non-saprophytic  plants  Utricularia  has  yet  to  be  mentioned. 
The  connexion  of  the  differentiation  of  the  embryo  in  this  genus  with  the  relationships 
of  life  of  the  plants  is  still  unknown.  We  only  know  that  the  equipment  of  the  embryo 
in  the  ripe  seed  is  strikingly  different  in  the  different  species.  Utricularia  reniformis  • 
and  U.  Humboldti  have  green  leaf-organs  developed  within  the  seed,  and  the  embryo 
appears  to  pass  through  no  period  of  rest  in  the  seed  and  approaches  in  that  way 
the  case  of  the  viviparous  plants  which  are  mentioned  below.  The  other  extreme 
is  shown  by,  for  instance,  Utricularia  montana,  the  embryo  of  which  has  no  leaf- 
primordia  within  the  seed.  In  others  again,  like  Utricularia  orbiculata*,  these 
leaf-primordia  are  in  the  form  of  very  small  papillae  which  develop  further  in 


^  Koch,  Die  Entwicklung  des  Samens  von  Monotropa  Hypopitys,  Linn.,  in  Pringsheim*s  Jahr- 
bucher,  xiii  (1883). 

'  Koch,  Ubcr  die  Entwicklung  des  Samens  der  Orobanchen,  in  Pringsheim's  Jahrbiicher,  xi 
(1878). 

*  Goebel,  Pflanzenbiologische  Schildemngen,  ii  (1893),  p.  142. 

*  Goebel,  op.  cit,  p.  146. 
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germination,  and  the  embryo  resembles  so  far  that  of  other  dicotylous  plants  in 
having  only  two  such  papillae ;  in  some  of  the  aquatic  species  of  Utricularia  a  large 
number  of  these  papillae  appear.  Utricularia  amongst  Dicotyledones  exhibits 
this  exceptional  feature  in  its  embryo  that  the  cotyledons,  if  one  may  speak  of 
them  by  this  name,  differ  from  the  primary  leaves  only  by  their  position. 

II.  Embryos  of  Viviparous  Plants^.  In  those  plants  which  have 
been  designated  viviparous  the  relationship  between  the  differentiation 
which  the  embryo  attains  to  within  the  seed  and  the  external  conditions  of 


Pig.  177.  Cryptocoryne  ciliata.  Development  ot  the  seed.  i.  ovale  with  yonng  embryo  in  longitudinal 
section.  The  outer  integument  has  formed  a  spongy  body,  the  embryo  is  still  within  the  erabryo-sac  which  is 
aliaded  in  the  fifare.  2,  an  older  stage  of  the  same.  The  embryo  has  now  issued  from  the  inner  integument  by 
its  root,  9,  ana  the  vegetative  point,  v ;  /e^  outer  integument.  3,  somewhat  older  stage  similarly  seen.  4,  seed 
in  transverse  section.    The  embryo  has  many  leaves. 

life  is  very  clear.  Strictly  speaking  we  understand  by  viviparous  plants 
only  those  in  which  the  embryo  germinates  without  any  period  of  rest, 
and  indeed  within  the  fruit  as  it  is  attached  to  the  mother-plant : — 

Mangroves.    This  is  the  case  in  mangroves,  especially  species  of  the  genus 
Rhizophora,   Bruguiera,  and  Ceriops.      The  embryo  of  these  Rhizophoreae  is 


^  See  Goebel,  Pflanzenbiologische  Schildemngen,  1  (1889),  p.  113,  where  the  older  literature  is  cited. 
KarsteOyUber  die  Mangrove- Vegetation  im  malayischen  Archipel,  in  Bibliotheca  botanica,  xxii  (1891)^ 
gives  the  result  of  a  thorough  investigation  of  the  subject. 
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distinguished  by  the  great  development  of  a  club-like  or  pole-like  hypocotyl, 
reaching  in  many  a  length  of  over  half  a  meter,  whilst  the  embryo  is  stiU  attached 
to  the  mother-plant.  The  cotyledons  serve  only  as  haustoria,  absorbing  for  the 
embryo  the  plastic  material  supplied  by  the  mother-plant.  The  embryo  acquires 
by  its  configuration  the  capacity  of  fastening  itself  into  the  muddy  substratum 
more  rapidly  than  it  could  do  were  it  to  grow  in  this  from  the  first,  and,  as 
Karsten  rightly  says ',  this  is  of  special  importance  for  plants  of  relatively  slow 
development.  Seeds  of  the  species  of  mangrove  which  are  marked  by  rapid  de- 
velopment, for  example  Sonneratia  acida,  do  not  show  vivipary,  and  the  rapid 
development  is  favoured  by  the  rich  deposit  of  reserve-material '.  The  seedling  of 
the  mangrove  falls  with  the  tip  of  the  root  foremost  into  the  mud ',  and  there  roots 


e.  ^ 


Fig.  178.  Cryptocoryne  ciliata.  Fipire  to  the  left:  seed,  not  quite  ripe,  in  longitudinal  section.  The 
cotyledon,  C,  of  the  embryo  lies  within  the  embryo-«ac,  theprimary  root,  W,  ana  the  bad  of  the  stem  have  developed 
outside  it ;  je^  outer  intej|;ament ;  Ji^  inner  integumenL  Figure  to  the  right :  older  embryo  which  has  broken  o£f 
from  the  cotyledon ;  C,  point  of  attachment  of  cotyledon ;  ^root 

very  rapidly  by  means  of  a  root-system,  which  spreads  out  laterally  in  accordance 
with  the  requirements  of  the  environment,  and  does  not  produce  a  chief  root 
Avicennia  forms,  as  it  were,  the  transition  amongst  mangroves  to  the  viviparous 
plants  in  which  the  fruit-wall  is  not  bored  through  on  the  mother-plant;  its 
seedlings  are  set  loose,  sometimes  invested  by  the  fruit-wall,  at  other  times  without 
it  They  have  stiff  upwardly  curved  hairs  upon  their  hypocotyl,  and  these  serve 
for  the  first  fixation  in  the  mud.  The  embryos  of  Aegiceras  grow  out  of  the 
seed  within  the  curved  horn-like  fruit,  and  fill  the  internal  cavity  of  the  fruit  with 
their  large  hypocotyl  *. 

Cryptocoryne  oiliata.     Amongst  Monocotyledones  analogous  phenomena 


'  Karsten,  t)ber  die  Mangrove- Vegetation  im  malayischen  Archipel,  in  Bibliotheca  botanica,  zxii 
(1891),   p.  38. 
'^  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  p.  135. 

^  Many  also  reach  the  water  by  which  they  are  carried  away  and  some  of  them  may  develop  later. 
*  Goebel,  op.  cit.,  Plate  V ;  Karsten,  op.  cit. 
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are  observable,  for  example  in  Cryptocoryne  ^  leaving  out  of  consideration  Crinum. 
The  ovule  of  this  aroid  has  two  integuments,  of  which  the  outer  grows,  after 
fertilization  has  been  affected,  into  a  spongy  mass  of  tissue  (Fig.  177,  i,  2);  and 
the  further  development  of  the  embryo  takes  place  in  it.  The  under  part  of  the 
embryo,  that  is  to  say  bud  of  the  stem,  hypocotyl,  and  root,  grows  out  of  the  inner 
integument,  and  only  the  cotyledon  remains  as  a  haustorium  in  the  endosperm 
(Fig.  178).  The  bud  of  the  stem  grows  into  a  large  body  that  produces  many 
leaves,  and  is  invested  by  only  an  extremely  thin  seed-coat ;  the  embryo  separates 
itself  readily  from  the  cotyledon  (Fig.  178,  to  the  right),  and  is  now  rapidly 
equipped  for  further  development 

Vivipary  in  its  different  states  is,  as  I  have  before  now  endeavoured  to 
show,  only  a  special  form  of  the  widely  spread  feature  observable  in  the 
inhabitants  of  moist  localities  of  the  germ  proceeding  to  further  develop- 
ment without  a  resting  period.  We  have  seen  this  ii>  the  Hepaticae,  whose 
spores  germinate  even  within  the  sporangium  *,  and  in  the  two  analogous 
cases  of  the  Musci  ^.  Also  in  the  Filicineae,  which  inhabit  moist  localities, 
the  spores  are  arranged  for  continuous  germination  and,  as  in  the  Hymeno- 
phyllaceae,  the  first  stages  of  germination  may  take  place  partly  within  the 
sporangium ;  on  the  other  hand  spores  of  the  inhabitants  of  dry  regfions  have 
always  a  resting  period.  The  nutrition  of  the  embryo  of  viviparous  plants 
is  facilitated  from  the  side  of  the  mother-plant  by  the  presence  of  water. 
The  peculiar  form  which  the  hypocotyl  of  the  Rhizophoreae  possesses,  the 
arrangements  for  anchoring  of  the  embryos  of  Avicennia  and  others,  arc,  as 
we  have  seen,  special  adaptations  to  locality,  and  particularly  for  securing 
rapid  fixation  in  the  substratum. 

2.  CHANGE   OF    CONFIGURATION   OF   THE   EMBRYO   THROUGH  THE 
DEPOSITION  OF   RESERVE-MATERIAL. 
Characteristic  changes  take  place  in  the  embryo  when  large  masses  of 
material  are  stored  up  in  it  during  the  resting  of  the  seed. 

A.    DICOTYLEDONES. 

In  dicotylous  plants  the  storage  takes  place  commonly  in  the  cotyledons^ 
and  the  massive  development  of  these  relatively  to  the  construction  of  the 
root  and  shoot  is  well  known  in  the  PapiHonaceae,  Cupuliferae,  and  other 
families.  Both  cotyledons  are  commonly  used  for  the  storage,  but  in  Trapa* 
only  one  is  so  used,  and  it  swells  up  to  a  considerable  size,  whikt  the  other 
remains  small.  It  is  of  interest  to  notice  that  this  difference  is  expressed 
too  in  the  inception  of  the  two  cotyledons  *.     The  larger  one  arises  as  a 


'  See  Goebel,  Moiphologlsche  nnd  biologische  Bemerkongen :  5.  Cryptocoryne,  eine  '  lebendig 
gel»rende'  Aroidee,  in  Flora,  buudii  (1897),  p.  426. 

'  See  pp.  106,  108.  »  See  p.  124. 

*  See  Goebel,  Pflanzcnbiologische  Schildernngen,  ii  (1893),  Plate  XXIV. 

'  See  Gibelli  e  Ferrero,  Ricerche  di  anatomia  e  di  morfologia.  Intomo  alio  svilappo  dell'  ovolo  e 
seme  della  Trapa  natans,  in  Malpighia,  v  (1891),  p.  156. 
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terminal  structure  upon  the  embryo ;  the  smaller  is  lateral  to  the  stem-bud. 
As  I  have  previously  said  *,  I  can  only  see  in  this  the  expression  of  the 
fact  that  an  organ  that  is  earlier  used  is  also  earlier  laid  down — ^and  in  this 
case  also  in  another  position — than  is  one  that  remains  rudimentary. 

In  many  dicotylous  plants  the  hypocotyl  is  also  used  for  the  storage  of 
reserve-material,  and  in  such  cases  the  cotyledons  may  remain  so  small  that 
in  some  cases  they  appear  almost  to  be  wanting.  I  may  quote  some 
examples,  but  without  mentioning  species  of  Utricularia,  which  might  have 
been  quoted  as  illustrations,  as  I  have  spoken  of  them  elsewhere. 
Our  first  example  is  from  the  family  of  the  Guttiferae : — 

XanthoohymuB  piotoriiis. 
In  Fig.  179  the  configuration  of 
the  embryo  and  the  germina- 
tion of  Xanthochymus  picto- 
rius,Roxb.,  is  illustrated  ^  The 
longitudinal  section  (Fig.  179, 
II)  shows  the  two  very  small 
cotyledons,  Co,  but  upon  the 
surface-view  (Fig.  179,  III)  they 
are  more  conspicuous.  They 
do  not  appear  right  at  the  point 
of  the  embryo  but  are  pushed 
to  the  side  by  an  outgrowth 
(Fig.  179, 1,  II,  a)  of  the  hypo- 
cotyP,  which  in  germina- 
tion rises  above  the  ground 
and  becomes  green  but  dries 
up  later.  The  primordium  of 
the  root  is  small  but  develops 
further  in  germination.  The 
primary  root  is  surpassed  in 
its  development  by  an  adven- 
titious root  formed  at  the  base 
of  the  shoot  of  the  embryo,  and 
this  elongates  with  the  elongation  of  the  shoot  of  the  seedling  and  gives 
origin  to  the   permanent  root-system.      In  this  way  a   more   direct  and 


Xanthochymus  pictorioB,  Roxb. 
irds  has  produced 


I,  aeedlins:;  the 


FlO.  179.    

shoot  directed  upwards  has  produced  a  pair  of  foliage^eaves 
after  some  scale-leaves ;  A,  tuberous  h}rpocotyl ;  a,  outgrowth  from 
hypocotyl;  r,  primary  root :  H.  adventitious  root.  IL  embryo 
isolated  from  a  ripe  seed  and  in  longitudinal  section ;  Co,  cotyle- 
dons ;  A,  hypocotyl ;  a,  out|^owth  from  hypocotyl  becoming  sub- 
sequently epieeons  and  green.  III.  emoryo  isolated,  the  two 
cotyledons,  O,  in  surface  view.  IV,  upper  part  of  embryo  in 
longitudinal  section,  not  quite  median ;  Co^  cotyledons.  I,  one- 
thirdlnatnral  sice.    II,  two-thirds  natural  sixe. 


*  Goebel,  Pflanzenbiologische  Schildenmgen,  ii  (1893),  p.  374. 

^  See  Planchon  et  Triana,  M^moire  sur  la  famille  des  Gattif^res,  in  Annales  des  sciences  natnrelleSy 
s^r.  4,  xvi  (1861).    The  older  literature  will  be  fonnd  in  this  paper. 

•  This  appears  even  more  strikingly  in  the  Lecythidaceae.  See  the  figure  of  the  seedling  of 
Eschweilera  obtecta  given  by  Miers,  On  the  Lecythidaceae,  in  Transactions  of  the  Linnaean  Society, 
XXX  (1875),  where  the  axis  of  the  shoot  springs  evidently  out  of  the  middle  of  the  side  of  the 
hypocotyl. 
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more  simple  connexion  of  the  shoot  with  the  soil  is  established  than 
would  be  the  case  if  the  path  of  transport  through  the  hypocotyl,  which 
serves  as  a  reservoir  of  food-material  and  which  is  later  pushed  aside,  were 
to  persist. 

In  the  family  of  the  Lecythidaceae  there  are  relationships  which  are 
analogous  with  those  of  the  Guttiferae,  and  the  following  are  illustrations : — 


Fig.  180.  Bertholletia  excelsa.  /,  embryo  in  longitudinal  section  ;  G?/,  cotyledons ;  tv,  root-end.  //,  apical 
portion  of  an  embryo  in  longitudinal  section.  The  cotyledons  are  still  covered  by  a  thin  layer  of  endosperm. 
///,  the  overlapping  cotyledons  seen  from  above.    ^  magnified  3^.     //and  ///,  more  highly  magnified. 

Barringtonia  VrieseL  Treub  has  investigated  carefully  the  forms  of 
the  embryo  in  Barringtonia  Vriesei  ^.  Barringtonia  differs  in  its  embryo 
from  Xanthochymus  chiefly  in  this,  that  not  only  is  the  hypocotyl  thick  and 
fleshy  but  also  its  continuation  upwards,  which  is,  however,  elongated  in 
germination.  This  portion  of  the  axis  of  the  shoot  bears  some  irregularly 
placed  scales  ^,  the  lowermost  two  of  which  are  not  opposite  one  another,  so 


'  Treub,  Notes  sur  Tembryon,  le  sac  embryonnaire  et  Tovule :  5.  L'embryon  du  Barringtonia 
Vriesei,  T.  et  B.,  in  Annales  du  Jardin  botanique  de  Buitenzorg,  iv  (1884),  p.  loi. 

'  I  have  found  in  another  species  of  Barringtonia  axillary  shoots  to  these  scales  when  the  end  of 
the  shoot  of  the  embryo  was  injured. 

S  2 
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that  we  could  scarcely  call  them  cotyledons;  they  are  neither  by  their 
position  nor  in  other  respects  different  from  the  other  scales.  According  to 
Treub  the  chief  root  does  not  develop.  As  in  Xanthochymus  the  reserve- 
food-material  is  deposited  in  the  strongly  swollen  central  portion  of  the  axis 
of  the  shoot  of  the  embryo-plant. 

Bertholletia  exoelsa.  The  embryo  of  Bertholletia  excelsa  is  *  undiffe- 
rentiated/according  to  the  most  recent  observations  upon  the  Lecythidaceae*, 
and  this  probably  means  the  same  as  the  description  of  that  of  Lecythis^ 
of  which  it  is  said  that  it  consists  only  of  stem,  that  is  to  say  it  is  a  leafless 
body  whose  v^etative  point  only  later  elongates  into  the  axis  of  a  shoot. 
Investigation  of  the  embryo  shows,  however,  that  it  pos- 
sesses primordia  of  leaves  which  cover  the  vegetative 
point.  They  are  indeed  very  small  and  have  hitherto 
been  overlooked,  but  in  the  longitudinal  section  they  are 
clear  enough  (Fig.  iSo)^.  There  are  two  small  scales 
{Cot^  Fig.  1 80,/)  which  closely  cover  the  vegetative  point 
of  the  embryo ;  whether  they  are  placed  directly  opposite 
one  another  or  not  I  cannot  say.  Other  primordia  of  leaves 
were  not  found,  apart  from  small  papillae  at  the  vegetative 
point.  The  massive  hypocotyl  stores  the  food-material 
in  the  pith  which  is  separated  from  the  rind  by  a  tissue  ^ 
which  is  composed  of  small  elongated  cells  in  which 
conducting  bundles  are  subsequently  differentiated.  The 
primordium  of  the  root,  W^  is  but  little  developed  but 
is  recognizable  by  the  arrangement  of  the  cells  according 
to  the  figures.  It  develops  afterwards  in  germination 
into  a  chief  root. 

In  the  embryos  which  have  been  mentioned  there 
exists  a  relationship,  a  correlation,  between  the  small  de- 
velopment of  the  cotyledons  and  the  massive  develop- 
ment of  the   hypocotyl,  a  relation  which  appears  also 
in  many  Cacteae*,  whose  hypocotyl  is  specially  developed  as  a  seat  of 
water-storage. 

B.    MONOCOTYLEDONES. 

The  deposition  of  reserve-material  in  the  embryos  of  monocotylous 
plants  is  marked  in  those  forms  which  have  macropodous  embryos : — 

Zanniohellia.    Amongst  them  we  have  specially  the  Potamogetonaceae,  and 


FlO.  181.  Posidonia 
sp.  Embryo ;  W^  pri* 
mary  root.  Magnified 
about  3. 


'  Sec  Nicdenzu,  Lecythidaccac,  in  Engler  und  Prantl,  Die  naturlichen  Pflanzcnfamilien,  iii,  7 
(1893). 

'  The  embryo  lies  in  a  thin  layer  of  endosperm  two  cells  thick. 

'  The  limit  is  indicated  in  the  figure  by  the  line  nmning  parallel  with  the  contour  line. 

*  Goebel,  Pflanzenbiologische  Schildeningen,  i  (1889). 
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of  these  2^nnichellia  shows  a  thickened  hypocotyl  at  the  end  of  which  the 
primordium  of  the  chief  root  is  commonly  visible. 

Posidonia.  Fig.  181  shows  another  case  in  the  embryo  of  a  Posidonia,  whose 
fruit  I  have  found  in  quantity  on  the  shores  of  West  Australia,  The  lower  end  of 
the  massive  swollen  hypocotyl  does  not  develop  a  root ;  the  root  is  a  lateral  one  at 
the  base  of  the  cotyledon  {W,  Fig.  181).  One  would  be  inclined  to  consider  it  as 
an  adventitious  root,  and  that  the  chief  root  was  wanting,  but  it  is  much  more  prob- 
able that  the  chief  root  has  been  pushed  aside  by  a  lateral  growth  of  the  hypocotyl. 
Bomet's  account  of  the  history  of  development  of  the  embryo  of  Phucagrostis, 
and  the  behaviour  of  Zostera  which  I  have  described  below,  support  this  view. 

Buppia.  The  question  which  arose  in  connexion  with  Posidonia  recurs  in 
Ruppia^  where,  according  to  Wille,  the  primordium  of  the  chief  root  is  indicated 
at  the  lower  end  of  the  hypocotyl  by  a  few  cell-divisions,  whilst  at  the  base  of  the 
cotyledonary  sheath  there  is 
laid  down  at  a  later  period  a 
lateral  root  which  Ascherson' 
held  to  be  the  chief  root  shoved 
to  one  side. 

Zostera.  That  lateral  out- 
growths of  the  hypocotyl '  occur 
in  macropodous  embryos  is 
shown  in  the  remarkable  con- 
struction of  the  embryo  in  the 
genus  Zostera.  Here  the  portion 
of  the  embryo  which  exhibits 
further  development  in  germi- 
nation apparently  springs  out 
of  a  shield-like  body  which 
is  folded  in  the  fruit  and  en- 
closes the  upper  portion  of  the 
embryo  (Fig.  182,  III).  This  makes  a  strong  S-shaped  curvature,  the  lower  leg 
of  which  is  formed  by  the  cotyledons,  Co ;  the  upper,  lying  against  the  shield, 
corresponds  to  the  upper  portion  of  the  hypocotyl  (ZTj,  Fig.  182,  I),  whose  lower 
part  has  developed  into  the  shield-like  growth  above  mentioned,  in  which  the 
reserve-material  is  stored.  There  takes  place  in  the  embryo  at  a  very  early 
period  through  the  development  of  the  outgrowth,  a  torsion  of  the  hypocotyl 
like  that  which  has  been  described  above  in  Lycopodium  and  others.  In  Fig. 
182,  II,  a  curvature  of  the  point  of  the  embryo  by  the  outgrowth,  M,  through 
about  90**  has  taken  place,  and  the  cotyledon  no  longer  appears  to  be  terminal. 
Hofmeister*,  who  was  the  first  to  investigate  the  developmental  history  of  the 


PlO.  182.  [Zostera  marina.  I^  fruit  in  trans\*erae  section.  II, 
yoanff  embryo  in  optical  long^tndmal  section.  The  arrow  indicates 
the  direction  in  which  the  a|)ex  of  the  embryo  is  displaced.  Ill, 
older  but  not  mature  embryo  in  profile.  IV,  embryo  seen  from  in 
front.  In  all  figures ;  CV,  cotyledon ;  Hi  hypocotyl ;  M  mantle-like 
outf^rowth  of  hypocotyl ;  Et^  unicellular  vesicular  a 


'  Wille,  Om  Kimens  Udviklingshistorie  hos  Rnppia  rostellata  og  Zannichellia  palostris,  in 
Videnskabelige  Meddelelser  fni  den  naturhistoriske  Forening  i  Kj^benhavn,  i88a. 

'  Ascherson,  Potamogetonaceae,  in  Engler  imd  Prantl,  Die  naiurlichen  Pflanzenfamilien,  ii,  i  (1889), 
p.  199.    Subsequent  investigations  did  not  bear  out  the  correctness  of  Ascherson*s  views. 

'  These  occur  also  in  dicotylous  embryos.    See  p.  258. 

*  Hofineister,  Zur  Hntwicklungsgeschichte  der  Zostera,  in  Botanische  Zeitung,  x  (185a),  p.  lai. 
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embryo  of  Zostera,  interpreted  the  embryo  somewhat  differently.  What  we  call 
the  shield-like  outgrowth  of  the  hypocotyl  he  considered  the  *  axis  of  the  embryo 
of  the  first  order.'  In  this  no  one  now  will  follow  him,  but  it  is  much  to  be 
wished  that  one  of  the  modern  microtomists  would  follow  accurately  the  develop- 
ment of  the  embryo  of  Zostera  ^  In  Hofmeister's  Fig.  28,  the  curvature  of  the 
embryonal  axis  is  probably  shown. 

These  examples  will  suffice  to  show  how  far-reaching  are  the  changes 
in  form  which  are  brought  about  in  the  embryos  of  different  plants  by  the 
deposition  of  reserve-food-material.  Fundamentally  nothing  else  takes 
place  but  what  is  found  in  many  shoots  at  a  later  period  of  development. 
The  deposition  of  reserve-material  in  cotyledons  corresponds  to  that  in  the 
leaves  of  a  bulb  ;  the  deposition  in  the  hypocotyl  to  that  in  the  axis  of 
a  tuber ;  the  deposition  in  a  lateral  outgrowth  of  the  hypocotyl  finds  its 
parallel  in  the  axes  of  many  shoots. 

^  Since  the  above  was  written  this  has  been  done  by  Rosenberg,  Uber  die  Embryologie  von 
Zostera  marina,  Linn.,  in  Bihang  till  kongl.  svenska  Vetenskaps  Akademien,  Handlingar,  27,  iii 
(1901).  Rosenberg  confinns  the  view  given  in  the  text  abont  the  *  mantle  *  of  the  embryo  of  Zostera. 
Of  special  interest  is  the  embryo  of  Halophila,  whose  close  relation  to  the  embryo  of  Zostera  was 
pointed  out  long  ago  by  Balfonr,  On  the  genus  Halophila,  in  Transactions  of  the  Botanical  Society, 
Edinburgh,  xiii  (1879). 
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SPECIAL   CHARACTERS   OF   THE   ORGANS 
OF   VEGETATION 

THE    ROOT 

Originally  all  subterranean  parts  of  plants  were  termed  *  root/  As  our 
knowledge  increased  comparisons  showed  that  under  this  collective  name 
organs  of  different  structure  and  different  function  were  grouped  together. 
As  *  typical  *  roots,  that  is  to  say,  those  which  are  the  most  common  because 
they  correspond  with  the  most  widely  distributed  conditions  of  life,  we  may 
recognize  the  soil-roots^  which  act  as  nutritive  organs  and  as  anchoring- 
organs.  Organs  with  analogous  function,  in  which,  however,  the  anchoring 
function  tends  to  predominate,  occur  also  in  the  lower  plants  \  but  they  are 
essentially  of  more  simple  configuration,  a  difference  of  which  we  shall  have 
an  explanation  if  we  remember  that  vascular  plants  alone  appear  as  the 
typical  land-plants  of  any  significant  size.  In  the  vascular  plants  therefore  the 
subterranean  organs  have  to  satisfy  quite  different  claims  from  those  which 
are  laid  upon  the  rhizoids  of  one  of  the  Musci,  for  these  have  not  to  support 
a  transpiration-current,  and  have  not  reached  beyond  the  stage  of  develop- 
ment of  branched  threads  ^.  At  the  same  time  we  must  remember  that  in 
the  vascular  plants  the  functions  we  have  mentioned  may  be  taken  over  by 
organs  other  than  the  roots  *,  and  then  we  find  generally  that  the  roots  are 
not  developed.    A  few  illustrative  cases  may  be  cited  here : — 

I 

ROOTLESS  PLANTS 

A.    PTERIDOPHYTA. 

Filioes.  In  a  number  of  small  epiphytic  Hymenophyllaceae,  whose 
embryogeny  we  do  not  yet  know,  roots  are  not  to  be  found.  They  are 
forms  which  are  distinguished  almost  always  by  their  small  size.  The 
species  represented  in  Fig.  183  is  much  less  complex  than  many  of  the 
Musci,  and  the  work  which  its  vegetative  body  has  to  do  is  correspondingly 


'  See  Part  I,  p.  38  and  Fig.  14,  also  pp.  a6,  119  of  this  Part 
'  Compare  the  rhizoid-strands  in  Polytrichnm  and  elsewhere. 
*  See  p.  337. 
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inconsiderable.  The  uptake  of  water  is  maintained  by  the  one-layered 
leaves.  *  Hair-roots/  which  are  unicellular  tubes  on  the  axis  of  the  shoot 
and  frequently  also  on  the  leaves,  serve  as  anchoring-organs.  Where  the 
leaves  of  rootless  forms  attain  to  relatively  large  size,  as  in  Trichomanes 
Hildebrandti  ^,  there  are  special  arrangements — in  this  case  the  apposition 
of  the  leaves  to  the  substratum — on  account  of  which  the  formation  of  the 
roots  can  be  easily  spared.  Many  forms,  for  example  T.  membranaceum, 
have  developed  instead  of  roots  leafless  shoots,  which  perform  the  function 
of  roots.  Mettenius  ^  gives  a  list  of  the  rootless  species  of  Trichomanes 
which  he  had  found,  and  to  it  I  may  refer  the  reader.  There  are  probably 
other  rootless  forms  amongst  the  small  species  of  Hymenophyllum,  and 
there  can  be  little  doubt  from  a  comparison  of  the  behaviour  of  a  number 

of  species  that  we  have  before  us 
in  them  not  primary,  but  reduced 
forms.  The  larger  ground-species 
of  Trichomanes  have  a  well-deve- 
loped root-system.  Some  which 
live  epiphytically  among  the 
Musci  of  tree-stems  have  relatively 
few  roots.  Mettenius  states  that  he 
only  once  found  an  adventitious 
root  amongst  hundreds  of  examples 
which  he  examined  of  T.  pedicel- 
'il:'i^X^^^^r,.^^:^^^^^  latum,  T.  Ankersii,  and  T.  mus- 

KTstc^n^^/gSSr^t^'r^^^^  coides.    Whether  the  gcrm-plauts 

sue.    After  Gicscnhagen.  ^f  ^^    TOOtlcSS    SpcdeS    of  Tricho- 

manes  possess  a  root  or  not  we  do  not  know.  Perhaps  the  different 
species  behave  differently  in  this  respect. 

Salvinia.  All  the  species  of  Salvinia  which  have  been  examined 
are  rootless,  and  the  primordium  of  the  root  is  suppressed  in  the  embryo. 
What  for  a  long  time  were  considered  as  the  roots  of  these  floating  species 
of  water-plants  are  peculiarly  formed  submerged  water-leaves,  which  are 
divided  into  numerous  segments,  and  in  this  respect  contrast  with  the  entire 
floating  leaves. 

Lycopodineae.  Psilotum  and  Tmesipteris  are  both  rootless.  The 
function  of  the  root  is  performed  by  a  leafless  rhizome.  In  both  genera  the 
superficial  development  and  manifestly  the  area  of  transpiration  of  the  shoot 
are  very  small.  In  Tmesipteris,  which  possesses  the  larger  leaves  of  the 
two,  these  are  vertical. 


^  See  Giesenhagen,  Die  HjnnenophyUaceen,  in  Flora,  Ixxiii  (1890),  Plate  XIV. 
'  Mettenins,  Uber  die  Hymenophyllaceae,  in  Abhandlnngen  der  koniglich-sachsischen  Gesellschaft 
der  Wissenschaften,  xi  (1864). 
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B.     SPERMOPHYTA, 

Diootyledones.  We  have  already  seen  some  examples  of  rootless 
forms  of  Spermophyta  amongst  the  Lentibulariaceae.  The  genera  Genlisea, 
Polypompholyx,  Utricularia,  are  entirely  rootless.  The  position  of  roots  is 
occupied  in  the  land-form  of  these  genera  by  peculiar  transformed  leaf- 
organs  ;  in  the  submerged  free-swimming  water-form  the  absence  of  roots 
is  easily  understandable,  inasmuch  as  the  uptake  of  dissolved  food-material 
can  take  place  through  the  whole  plant-body,  and  the  function  of  anchoring- 
organs  is  of  course  done  away  with.  Other  water-plants  living  under 
similar  conditions  have  no  roots,  for  example  species  of  Ceratophyllum  and 
Aldrovanda^,  as  well  as  the  submerged  lemnaceous  plant  Wolffia  Welwit- 
schii  *.  Some  small  floating  species  of  Wolffia,  such  as  W.  arrhiza,  have 
also  no  roots.  It  is  remarkable  that  in  some  fixed  water-plants  the  roots 
are  wanting.  We  find  this,  for  example,  in  some  though  not  in  all  the 
Podostemaceae ',  especially  those  of  considerable  size  like  Rhyncholacis 
macrocarpa.  The  arrest  of  the  roots  is  here  made  possible  by  the  develop- 
ment of  other  anchoring-organs — ^the  haptera  *.  Where  roots  are  present 
on  forms  of  Podostemaceae,  which  possess  haptera,  they  are  devoted  partly 
to  purposes  other  than  those  of  the  typical  root — to  asexual  propagation 
for  example,  and  to  other  purposes  which  will  be  mentioned  below  *. 

MonocotyledoneB.  Two  rootless  saprophytic  orchids  are  known — 
Corallorhiza  innata  and  Epipogon  Gmelini.  They  possess  only  scale-leaves, 
and  the  intake  of  water  is  effected  by  the  rhizome-shoot.  The  reduction  of 
the  assimilating  and  transpiring  leaf-surface  characteristic  of  saproph3^ic 
life  has  made  possible  here  the  reduction  also  of  the  roots.  Examples  of 
rootless  plants  amongst  the  epiphytes  are  known — Tillandsia  usneoides 
takes  up  water,  and  with  it  dissolved  food-material  through  the  surface  of 
the  shoot,  and  fixes  itself  by  twisting  its  base  round  the  branch  of  a  tree  ; 
roots  are  therefore  not  required.  They  appear,  however,  in  the  germination, 
but  soon  die  off". 

II 

CHARACTERS  OF  THE   ROOT 

There  are  four  organographical  regions  in  a  typical  soil-root : — 
I.  The  apex,  that  is  to   say,  the  vegetative  point   covered   by  the 
root-cap.  

'  The  statement,  frequently  repeated,  that  Myriophyllum  is  rootless,  is  erroneous.  The  winter-bads, 
when  they  shoot  out,  form  long  roots. 

'  Goebel,  Pflanzenbiologische  Schildeningen,  ii  (1893),  p.  279. 

"*  See  Goebel,  op.  dt,  p.  351 ;  Warming,  Familien  Podostemaceae  (Afhandl.  I  (1881),  II  (1883), 
III  (1888),  IV  (1891),  V  (1899),  VI  (190X),  in  Skrifter  af  det  kongelige  danske  videnskabemes 
Selskab,  Raekke  6,  ii  (i88x-6),  iv  (1886-8),  vii  (1890-94),  ix  (1898-1901),  xi  (1901). 

*  Seep.  aaa.  •  Seep.  380. 
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a.  The  very  short  region  of  growth. 

3.  The  region  covered  by  root-hairs. 

4.  The  region  in  which  the  short-lived  hairs  are  dead. 

This  holds  for  the  single  nearly  cylindric  root-threads.  The  construction  of 
the  root-system  will  be  mentioned  below.  I  shall  now  pass  in  review  these 
several  regions. 

I.      THE   APEX   OF   THE    ROOT. 

The  biological  significance  of  the  root-cap  requires  no  explanation  here. 
Every  one  knows  that  it  protects  the  soft  tissue  of  the  v^etative  point  in 
its  passage  through  the  soil,  and  that  it  makes  this  passage  easier  by  the 
mucilaginous  degradation  of  its  outer  cell-membranes  ^  It  is  also  clear  that 
the  possession  of  the  root-cap  makes  up  for  absence  of  leaves  upon  the 
root.  Hypogeous  shoots  protect  their  vegetative  point  almost  exclusively 
by  scale-leaves,  and  they  are  often  markedly  developed  as  boring-organs^ 
as  in  Equisetum  and  Triticum  repens.  Where  this  is  not  the  case,  as  for 
example  in  the  rhizomes  of  Psilotum  and  Tmesipteris,  the  shoot  lives  under 
special  life-conditions:  the  plants  are  epiphytes,  whose  rhizomes  are  not 
growing  in  firm  soil  but  between  the  aerial-roots  of  tree-ferns,  or  are  living  a 
half-saprophytic  life  in  loose  pulpy  humus  ^  It  is  noteworthy  that  in  the 
two  known  cases  where  the  vegetative  point  of  the  primordium  of  a  shoot 
is  provided  with  a  cap  of  tissue  which  serves  as  a  boring-  and  protecting- 
organ,  and  which  we  can  compare  in  function  with  a  root-cap,  this  happens 
before  the  appearance  of  the  leaves.  Strasburger  has  shown  that  in 
Cephalotaxus  Fortuni  and  Araucaria  brasiliensis  the  apex  of  the  primor- 
dium of  the  embryo  is  not  developed  into  the  vegetative  point  of  the 
embryo.  The  vegetative  point  is  formed  within  the  primordium  of  the  em- 
bryo whilst  the  original  apex  which  served  only  as  a  boring-  and  protecting- 
oigan  is  thrown  off.  Cases  which  might  lead  up  to  these  of  leafless  shoots 
provided  with  root-caps  have  been  described,  but  their  anatomical  dif- 
ferentiation has  not  been  made  clear.  The  significance  of  the  root-cap  is 
also  shown  by  the  behaviour  of  some  water-plants,  in  which  the  roots  hang 
free  in  the  water.  The  root-cap  can  then  no  longer  be  considered  as  a  pro- 
tective organ,  although  one  must  not  forget  that  we  have  to  deal  in  such 
cases  with  roots  of  limited  growth  whose  apex  soon  loses  the  embryonal 
character.  A  root-cap  constantly  regenerating  itself  by  the  formation  of 
new  cells  must  be  more  or  less  superfluous  in  a  case  of  this  kind,  and 
therefore  it  submits   to   a  reduction  of  a  varying  degree,  and  such  roots 


'  Conceming  the  significance  otherwise  of  this  mucilage,  see  Goebel,  Pflanzenbiologische  Schilder- 
ungen,  ii  (1893). 

^  Solms-Laubach  has  shown  that  in  Psilotum  triquetram  when  the  apex  of  a  rhizome-shoot  has 
suffered  injury,  either  a  lateral  primordium  grows  out  or  new  shoot-primordia  are  formed  in  the 
periphery  of  the  apical  meristem.  See  Annales  du  Jardin  botanique  de  Buitenzorg,  iv  (1884^ 
p.  160. 
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are  so  intimately  adapted  to  the  life  in  water  that  they  have  frequently  lost 
their  power  of  normal  growth  in  the  soil.  The  roots  of  Lemna  minor  and 
L.  trisulca,  AzoUa  filiculoides  and  Hydrocharis  Morsus-ranae,  all  swimming 
water-plants,  show  for  example  in  a  normally  moist  garden-soil  hardly  any 
growth  *.  Other  water-plants,  which  are  not  so  exclusively  adapted  to  a 
swimming  life,  are  probably  more  plastic.  In  conformity  with  this  are  the 
morphological  states,  which  supply  a  transition  to  the  cases  of  complete 
suppression  mentioned  above  *.    I  must  now  mention  some  examples : — 

Azolla.  In  contrast  with  the  allied  Salvinia  this  genus  possesses  two 
rows  of  roots  upon  the  under  side  of  its  stem.  The  apical  growth  of  these 
roots  is  limited.  The  apical  cell  of  the  root  produces  but  one  cap-segment 
instead  of  many,  as  in  other  Pteridophyta.  If  the  root  grows  out  the  cap  is 
thrown  off.  The  superficial  cells,  including  the  apical  cell,  grow  out  into 
hairs  so  that  the  root  resembles  the  hairy  lobes  of  the  water-leaf  of  Sal- 
vinia. 

Lemnaoeae.  Other  swimming  water-plants  like  the  Lemnaceae  pos- 
sess an  evident  root-cap,  but  it  is  distinguished  by  the  history  of  its 
development  from  a  true  root-cap,  inasmuch  as  it  does  not  arise  like  the 
ordinary  root-cap  of  monocotylous  plants  from  the  epidermis  of  the  root, 
and  it  does  not  show  periodic  renovation.  This  cap,  in  form  like  the  finger 
of  a  glove,  protects  the  root-apex  against  the  attacks  of  small  animals,  the 
effect  of  currents  of  water,  and  the  like.  But  it  does  not  correspond  to  a 
root-cap,  but  to  the  envelope  which  in  other  roots  only  exists  for  a  short 
time,  and  which  has  been  called  by  Van  Tieghem  ^  *  la  poche  digestive ' 
(Fig.  185). 

Hydrooharis,  probably  also  the  allied  Trianea  bogotensis,  and  Pistia 
Stratiotes  show  similar  features.  The  root-envelope  is  in  them,  as  in  Azolla, 
lost  if  the  roots  continue  their  growth.  In  these  plants  also  the  differenti- 
ation of  epidermis  from  rind  is  not  visible,  and  their  roots  are  in  the  nar- 
rower sense  of  the  idea  quite  capless. 

Aesoulus  Hippooastanum.  The  roots  of  land-plants  are  only  capless 
in  rare  cases.  Aesculus  Hippocastanum  furnishes  an  example*.  There 
arise  periodically  upon  the  roots  of  this  plant,  in  addition  to  the  ordinary 
lateral  rootlets,  small  tuber-like  roots,  about  %  mm.  long,  which  have  no 
root-cap ;  these  are  in  addition  to  the  normally  formed  lateral  roots.  These 
rootlets,  whose  function  is  unknown,  we  may  designate  arrested  formations, 


*  See  Wakkcr,  Die  Beeinflnssung  dcs  Wachsthnms  der  Wurzeln  durch  das  umgebcnde  Medium,  in 
Pringsheim's  Jahrbiicher,  xxxii  (1898),  p.  71. 

•  See  Goebcl,  Pflanicnbiologische  Schildcningcn,  ii  (1893),  p.  a8o.    The  literature  is  cited  here. 

•  Van  Tieghem  et  Douliot,  Recherches  comparatives  sur  Torigme  des  membres  endog^nes  dans 
les  plantes  vasculaires,  in  Annales  des  sciences  naturelles,  s6r.  7,  viii  (1888). 

*  See  Klein  und  Szab6,  Zur  Kenntpiss  der  Wurzeln  von  Aesculus  Hippocastanum,  L.,  in  Flora, 
Iziii  (1880),  p.  146. 
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whose  loss  of  root-cap  stands  in  relation  to  their  short  existence  and  their 
small  size.  This  explanation  is  rendered  probable  by  the  fact  that  there 
are  transition-stages  between  the  capless  and  the  normal  rootlets. 

Bromeliaoeae.  A  peculiar  condition  which  requires  further  investi- 
gation has  been  shown  by  Jprgensen  ^  to  occur  in  the  roots  produced  by  the 
shoots  of  the  Bromeliaceae.  These  commonly  grow  for  a  long  period  in 
the  tissue  of  the  shoot-axis,  and  there  they  have  a  well-developed  cap.  But 
when  the  root-tip  has  bored  through  the  surface  of  the  axis  the  cap  consists 
of  only  a  thin  layer  of  dead,  more  or  less  compressed,  cells.  Perhaps  we 
have  to  deal  here  with  roots  of  limited  growth — merely  anchoring-roots. 

CuBCuta.  The  chief  root  of  the  seedling  of  the  parasite  Cuscuta  *,  which 
discharges  its  function  for  only  a  very  short  time,  is  capless  throughout  its 
life.  It  has  only  the  duty  of  fixing  the  seedling-plant  in  the  soil,  and  of 
taking  up  water  for  it  during  its  first  developmental  stages.  Two  days 
after  germination  has  taken  place  it  usually  begins  to  wither,  and  with  it 
naturally  the  whole  plant  also,  unless  it  has  found  a  host-plant  through  which 
it  can  be  nourished  '. 

Like  other  organs  which  have  become  useless  under  definite  life- 
conditions  the  root-cap  in  some  cases  is  thrown  off  in  course  of  the  develop- 
ment; in  others  it  shows  no  further  development.  That  the  root-cap  is 
lost  when  transformation  of  the  root  takes  place  has  already  been  pointed 
out  *.     Other  cases  will  be  mentioned  hereafter. 

2.   THE  REGION  OF  GROWTH  OF  THE  ROOT. 

The  distribution  of  growth  in  the  root  will  not  be  spoken  of  in  detail 
here,  but  it  may  be  pointed  out  that  as  Sachs  has  shown  it  is  an  advantage 
for  the  penetration  of  the  root-tip  into  the  soil  that  the  growing  region  lies 
immediately  behind  the  root-tip  and  is  relatively  very  short — only  two  to 
ten  millimeters ;  the  shorter  in  relation  to  its  cross-section  the  axis  of  a  nail 
is,  the  less  easily  does  the  nail  bend  when  one  drives  it  into  a  board.  In 
this  connexion  we  may  also  note  that  in  air-roots  the  growth-relationships 
are  altogether  different.  That  otherwise  the  growth  of  the  root  is  best 
under  the  conditions  in  which  it  normally  grows,  and  to  which  it  is  *  attuned ' 
need  not  surprise  us.  The  roots  of  some  land-plants,  Vicia  Faba,  Lupinus 
albus  and  others,  when  they  were  cultivated  in  water,  showed,  as  might  be 
expected,  a  retardation  of  their  growth  in  length  ^ 


*  j0rgensen,  Bidrag  til  Rodens  Naturhistorie,  in  Botanisk  Tidsskrift,  Raekke  3,  ii  (1877-9), 
p.  144. 

'  Koch,  UntersQchnngen  liber  die  Entwicklung  der  Coscuteen,  in  Hanstein's  Botanische  Abhand- 
lungen,  ii,  3  (1874).  The  roots  of  Orobanche  have  at  first  no  cap,  a  feeble  one  develops  at  a  sub- 
sequent period.    See  Koch,  Die  Entwicklungsgeschichte  der  Orobanchen,  Heidelberg,  1887. 

*  See  p.  254.  *  See  p.  337. 

*  See  Wakker,  Die  Beeinflussung  des  Wachsthums  der  Wuizeln  durch  das  umgcbende  Medium,  in 
Pringsheim's  Jahrbiicher,  xxxii  (1898). 
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3.      THE    REGION   OF   THE    ROOT-HAIRS. 

The  root-hairs  *  arise  as  outgrowths  of  the  superficial  cells  of  the  root. 
They  have  a  great  significance  because  by  their  appearance  the  absorbing 
surface  of  the  root  is  very  greatly  increased,  and  besides  in  land-plants  they 
grow  firmly  around  the  particles  of  soil,  and  so  not  only  strengthen  the  hold 
of  the  roots  in  the  soil,  but  also  are  able  to  make  use  of  the  water-envelope 
which  adheres  to  each  particle  of  soil.  They  are  not,  however,  present  in 
all  plants.  They  are  markedly  absent  from  a  number  of  water-plants  and 
marsh-plants,  as  for  example  Butomus  umbellatus,  Hippuris  vulgaris,  species 
of  Lemna,  Menyanthes  trifoliata,  Pistia  Stratiotes,  and  also  from  a  number 
of  Coniferae,  for  example  Picea  excelsa,  Pinus  sylvestris,  Biota  orientalis, 
Thuja  occidentalis.  From  some  monocotylous  plants  which  produce  tubers 
like  Crocus  sativus,  and  from  some  parasites  and  humus-plants  like  Mono- 
tropa,  Neottia,  and  Orobanche  ramosa,  they  are  also  absent.  The  plants 
just  mentioned  are  all  of  a  kind  which  either  have  water  in  quantity  at  their 
disposal,  as  is  the  case  with  water-plants  and  marsh-plants  ;  or  they  do  not 
exhibit  intense  transpiration  from  their  epigeous  parts,  as  the  Coniferae 
which  have  leathery  leaves — although  others  like  Taxus  have  numerous 
root-hairs ;  or  they  have  roots  which  are  inhabited  by  fungi,  as  Monotropa 
and  Coniferae ;  or  the  epigeous  parts  are  only  slightly  developed  and  have 
a  short  life,  as  in  Crocus ;  or  the  leaves  are  mostly  reduced  to  small  scales, 
as  in  the  parasites  and  humus-plants.  In  the  greater  number  of  plants 
which  produce  hairs  normally  their  formation  is  suppressed  if  the  roots  are 
grown  in  water.  We  see  this  in  Allium  Cepa,  Hyacinthus  orientalis,  Zea 
Mais,  Cucurbita  Pepo,  Phaseolus  communis,  Pisum  sativum,  and  others. 
This  is,  however,  not  the  case  in  all  plants,  and  many  swimming  water- 
plants  like  Trianea  bogotensis  possess  very  large  root-hairs.  The  possession 
of  root-hairs  by  Azolla,  Hydrocharis,  and  other  plants,  has  been  already 
mentioned.    The  case  of  air-roots  will  be  discussed  hereafter  ^. 

4.     THE  REGION    IN   WHICH   THE   SHORT-LIVED    HAIRS   ARE   DEAD. 

The  inner  character  of  that  portion  of  the  root  which  is  no  longer 
concerned  with  the  taking  up  of  nutrition  lies  in  the  domain  of  anatomy. 
The  point  of  organographical  and  biological  interest  in  it  is  the  shortening 
which  takes  place  in  many  roots  subsequently  to  the  cessation  of  growth 
in  length.  There  are  formed  in  many  plants  roots  which  differ  from  the 
others  in  their  configuration,  and  whose  chief  significance  consists  in  their 
contractility.     Rimbach  ^  has  fittingly  termed  them  pull-roots.    They  are 


^  See  Schwmiz,  Die  Wnrzelhaare  der  Pflanzen,  in  Untersachtmgen  aus  dem  botanischen  Institat 
lu  Tiibingen,  i  (1881-5),  p.  135.  ■  See  p.  283. 

'  Rimbach,  Die  kontraktilen  Wnizeln  imd  ihre  Thatigkeit,  in  Fiin&ttick's  Beitrage  znr  wissen- 
schaftlichen  Botanik,  ii  (1898),  p.  i.    The  literature  is  cited  here. 


Digitized  by 


QjOo^^ 


270       THE  ROOT  IN  PTERIDOPHYTA  AND  SPERMOPHYTA 

distinguished  by  the  relatively  strong  development  of  their  thin-walled 
cortical  parenchyma,  whilst  the  thick-walled  cells  of  the  mechanical  system 
of  tissue  are  entirely,  or  almost  entirely,  wanting.  These  pull-roots  have 
often  the  subsidiary  function  of  storing  reserve-material,  but  their  chief 
work  is  that  of  shortening,  and  in  so  doing  they  exercise  a  pull  upon 
the  portion  of  the  plant  out  of  which  they  arise.  When  we  consider  the 
use  of  this  arrangement  we  must  distinguish  cases  in  which  the  pull- 
roots  draw  down  the  shoot  into  the  soil  from  those  in  which  they  do  not 
do  so. 

In  the  latter,  for  example  in  Polygonatum  multiflorum,  Canna  indica, 
and  Asparagus  officinalis,  the  shortening  of  the  root  only  brings  about  a 
firmer  anchoring  of  the  plant  in  the  soil,  and  this  is  of  great  importance  in 
plants  with  richly  developed  epigeous  organs  seeing  that  they  expose  to  the 
wind  and  other  agencies  a  relatively  large  surface. 

In  other  plants  the  shortening  of  the  root  is  one  of  the  means  by  which 
the  hypogeous  shoots  are  brought  to  a  definite  depth.  The  following 
example  will  illustrate  this: — 

Arum  macxilatum.  In  the  germination  of  Arum  maculatum  the 
elongating  cotyledon,  which  is  negatively  geotropic,  pushes  the  bud  of  the 
seedling  vertically  downwards  into  the  soil  to  a  depth  of  fifteen  millimeters. 
The  tuber  which  develops  out  of  this  bud  lies  therefore  at  first  about  two 
centimeters  from  the  surface.  Full-grown  tubers  of  Arum  lie,  however,  at 
a  depth  of  about  ten  centimeters,  and  this  change  in  position  is  brought 
about  by  the  power  of  the  pull-roots.  The  roots  arise  in  a  zone  which 
surrounds  the  terminal  bud  of  the  tuber  like  a  somewhat  obliquely  lying 
ring.  Those  upon  the  under  side  are  thick  and  very  contractile,  those  upon 
the  upper  side  are  thin  and  only  slightly  or  not  contractile.  As  a  con- 
sequence of  this  the  tuber  is  pulled  downward  at  its  apex  usually  about 
one  centimeter  in  each  vegetative  period,  but  only  during  about  two  or 
three  months  from  September  to  November.  Once  the  normal  depth  is 
attained  the  contractility  of  the  roots  is  diminished,  and  they  grow  no  longer 
directly  downwards,  but  horizontally  outwards.  If  one  takes  such  a  tuber 
and  plants  it  higher  strong  contractile  roots  are  again  developed.  We  know 
nothing  of  the  causes  which  bring  about  this  remarkable  regulation  which 
recurs  in  the  growth  of  many  rhizomes. 

Pull- roots  are  widely  spread  and  are  best  developed  among  perennial 
and  herbaceous  Spermophyta.  In  cryptogamous  plants  and  phanerogamous 
woody  plants  they  have  not  yet  been  observed.  The  shortening  is  some- 
times very  considerable.  Rimbach  found  that  for  a  stretch  of  root  five 
millimeters  long  the  contraction  in  some  Amaryllideae,  for  example  Phae- 
dranassa  chloracea  and  in  Oxalis  elegans,  was  seventy  per  cent.,  in  Agave 
americana  and  Arum  maculatum  fifty  per  cent,  in  Allium  ursinum  thirty 
per  cent,  in  Asparagus  officinalis  ten  per  cent.     These  high  figures  are  only 
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applicable  to  one  portion  of  the  shortening  stretch  of  root.  Taking  the  root 
as  a  whole  the  percentages  are  somewhat  smaller.  For  Phaedranassa  chlo- 
racea,  for  example,  the  shortening  was  only  thirty  to  forty  per  cent.  In 
many  persistent  roots,  for  example  the  chief  roots  and  lateral  roots  of 
Taraxacum,  Heracleum,  Phyteuma,  the  contraction  goes  on  throughout  the 
whole  year.  In  other  short-lived  roots,  as  in  the  example  of  Arum  quoted 
above,  the  shortening  takes  place  only  during  a  limited  period.  In  many 
plants  all  the  roots  of  one  order  are  contractile,  in  othere  there  is  distribution 
of  labour,  as  has  been 
already  mentioned  in 
the  case  of  Arum,  and 
this  is  seen  more  strik- 
ingly in  many  other 
Monocotyledones  and 
some  Dicotyledones. 
Thus  It  has  been  long 
known  that  Tigridia, 
Gladiolus,  Crocus,  and 
Scilla  possess  two 
kinds  of  roots  which 
arise  in  different  posi- 
tions and  at  different 
times.  Crocus  longi- 
florus,  for  example 
(Fig.  184, 1),  produces 
at  the  beginning  of 
the  vegetative  period  on  the  under  side  of  its  tuber  numerous  thin 
filiform  non-contractile  roots,  but  later  upon  one  side  of  the  new  tuber 
there  are  produced  a  few — in  the  figure  only  two  are  shown — ^thick  roots 
which  are  strongly  contractile  and  which  draw  down  into  the  soil  the 
tuber  to  which  they  belong,  After  doing  this  they  soon  die.  These 
roots  are  considered  by  DanieP,  who  has  overlooked  the  shortening,  as 
a  transitory  compensating  system  which  develops  with  the  need  of  the 
plant  when  from  any  cause,  internal  or  external,  the  general  nutrition  is 
hindered.  This  conclusion  is  supported  by  the  fact  that  the  tubers  in 
Gladiolus,  from  which  evident  buds  were  removed,  produced  these  roots 
specially  strong,  and  after  two  months  they  were  reabsorbed,  they  were 
built  anew  as  well  as  the  new  tuber,  and  they  contained  large  masses  of  glucose 
which  disappeared  afterwards.  It  is  not  impossible  that  these  fleshy  roots 
at  the  same  time  serve  as  short-lived  reservoirs  of  food-material  and  also 


Fig.  184.    ., 
^,  pull-roots;  .y,  stem. 


I,  Crocus  loneiflonu. 

Half  nataral  size. 


II,  Ozalts  sp.  (marked  as  pentaphylla). 


*  Daniel,  Snr  Ics  radnes  napiformes  transitoires  des  Monocotyl^ones,  in  Revue  g^nerale  de 
Botaniquc,  iii  (1891),  p.  455. 
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for  water.  Their  substance  can  then  be  taken  up  by  the  permanent  reser- 
voirs, tubers,  and  the  like  ;  at  the  same  time  their  significance  as  pull-roots 
is  none  the  less  evident. 

In  Dicotyledones  analogous  cases  are  known.     We  have  one  repre- 
sented in  Fig.  184,  II,  which  shows  a  species  of  Oxalis. 


Ill 
THE  ROOT-SYSTEM 

The  seedling  possesses  in  most  cases  at  first  only  a  simple  unbranched 
root.  Later  a  root-system  develops  which  is  formed  either  exclusively 
from  the  chief  root  or  by  the  new  formation  of  roots  on  the  shoot-axis.  If 
the  latter  is  the  case  the  primary  root  soon  dies.  It  is  well  known  that  this 
takes  place  commonly  in  the  Monocotyledones,  but  a  number  of  Dicotyle- 
dones show  it  also,  and  it  may  be  asked  if  this  different  behaviour  in  the 
formation  of  the  root-system  has  biological  relationships.  Inner  structural 
relationships  are  first  of  all  concerned,  and  then  the  conditions  of  life  come 
into  consideration. 

Monoootyledones.  Monocotyledones  show,  with  few  exceptions,  no 
secondary  growth  in  thickness.  This  means  that  the  primitive  conduct- 
ing-channels  for  water  and  other  plastic  material  as  they  lie  in  the  vascular 
cylinder  of  the  chief  root  must  remain  the  same.  The  demands  which 
the  epigeous  parts  of  the  plant  make  upon  the  roots  are,  however,  always 
becoming  greater  with  the  increasing  development  in  their  surface  by  the 
multiplication  in  the  number  and  size  of  the  leaves,  and  the  capacity  of  the 
chief  root,  even  if  it  were  ever  so  much  branched,  would  no  longer  suffice, 
therefore  it  is  replaced  by  the  formation  of  new  roots  on  the  sh6ot-axis, 
and  these  appear  in  great  numbers,  and  in  many  quickly  developing  plants, 
as,  for  example,  a  number  of  grasses,  are  developed  even  upon  the  embryo. 

Biootyledones.  We  have  already  learnt,  when  considering  the  ger- 
mination of  the  plants  of  the  mangroves  ^,  of  a  case  amongst  the  Dicotyle- 
dones in  which  the  development  of  a  root-system  proceeding  from  the  chief 
root  was  so  evidently  unsatisfactory  in  the  sticky  mud,  poor  in  oxygen,  that 
it  has  become  suppressed  *.  Were  I  to  describe  here  the  relationships  of  the 
duration  of  development  of  the  chief  root  to  the  manner  of  life  of  its  plant, 
I  should  exceed  the  limits  imposed  upon  this  book,  for  the  many-sided 
subject  of  the  *  succession  of  shoots  ^ '  would  have  to  be  dealt  with.     It  must 


*  Some  swamp-plants  with  superficial  root-system  probably  behave  in  like  manner,  for  instance 
Taxodinm  distichum.  '  See  p.  256. 

'  See  Warming,  Om  Skndbygning,  Overvintring  og  Foryngelse.  Den  naturhistoriske  Forenings 
Festskrift,  Kjvbenhavn,  1884. 
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suffice  that  I  have  indicated  merely  that  it  depends  on  the  whole  economy 
of  the  plant.  The  relationships  in  individual  cases  frequently  still  require 
explanation. 

Methods  of  Origin  of  Secondary  Boots.  New  roots  are  usually  endogenetic. 
They  have  to  burst  through  the  peripheral  tissue  of  the  mother-organ,  and  this  only 
happens  if  the  young  root  which  is  laid  down  under  the  protection  of  the  older  tissue 
is  sufficiently  strong.  The  endogenetic  formation  is,  however,  not  without  exception. 
Exogenetic  roots  are  formed,  according  to  Bower,  in  Phylloglossum  Drummondii ; 
Treub  says  that  the  first  roots  of  the  germ-plants  of  some  species  of  Lycopodium 
are  endogenetic ;  and  according  to  Warming  ^  this  is  the  case  in  the  roots  upon  the 
stem  of  Neottia  Nidus-avis.  They  are  laid  down  in  the  third  and  fourth  periblem- 
layer  whilst  the  first  and  second  layers  form  the  root-cap.  The  epidermis  functions 
for  some  time  as  the  outermost  layer  of  this  and  then  dies  off*.  According  to 
Hansen  ^  the  roots  at  the  base  of  the  adventitious  shoots  and  the  adventitious  roots 
in  the  leaf-axils  of  Cardamine  pratensis^  Nasturtium  officinale,  and  N.  sylvestre  are 
also  exogenetic,  whilst  the  adventitious  roots  of  other  water-plants  and  marsh-plants, 
for  example  Veronica  Beccabunga,  Polygonum  amphibium,  and  Ranunculus  fiuitans, 
are  commonly  laid  down  as  endogenetic  structures. 

Place  of  origin  of  the  Lateral  Boots  on  the  Chief  Boots.  This  is  definite. 
If  we  leave  out  of  consideration  the  dichotomy  of  roots  as  it  occurs  in  Lycopodiaceae 
the  primordia  of  lateral  roots  are  always  found  at  the  circumference  of  the  axil  vascular 
bundle-cylinder  of  the  root,  the  so-called  *plerome.'  This  is  surrounded  by  a  simple 
layer  of  tissue,  the  pericycle,  which  is  limited  on.  the  outside  by  the  innermost  layer 
of  the  rind  usually  designated  the  endodermis  and  which  has  a  peculiar  structure. 
In  Spermophyta  the  lateral  roots  are  laid  down  in  the  pericycle,  in  the  Pteridophyta 
in  the  endodermis.  In  the  Pteridophyta  the  root-primordium  proceeds  from  a 
single  cell,  whilst  in  Spermophyta  several  cells  always  share  in  the  formation  of  the 
lateral  root.  This  cell-group  of  the  pericycle  lies  opposite  one  of  the  xylem-groups 
of  the  axil-strand  in  plants  which  have  more  than  two  groups  of  vasa  (Fig.  185), 
hence  the  lateral  roots  are  commonly  found  arranged  in  as  many  longitudinal  rows 
as  the  vascular  cylinder  of  the  root  has  got  xylem-groups.  In  roots  with  diarch 
bundles  there  are  four  rows  of  lateral  roots  according  to  Van  Tieghem,  and  they 
arise  in  the  intervals  which  separate  the  xylem-bundles  from  the  two  adjacent  sieve- 
groups.  I  must  pass  over  here  the  history  of  the  origin,  and  merely  state  that  the 
lateral  roots  burst  through  the  rind-layers  of  the  chief  root  at  a  relatively  late  period. 
The  roots  of  Nuphar  for  example,  leave  a  stretch  of  ten  or  more  centimeters  above 
the  tip  free  from  lateral  roots.    The  first  formation  of  the  primordia  of  the  roots 


*  Wanning,  Om  R0ddeme  hos  Neottia  Nidus-avis,  L.,  in  Vidcnskabcb'ge  Meddelelscr  fra  den 
Natnrhistoriske  Forening  i  KJ0benhavn,  1874. 

'  This  takes  place  so  early,  as  is  shown  in  Wanning's  fignres,  see  Plate  IV,  Fig.  9  and  others, 
that  it  occurs  when  the  root  is  stiU  only  a  papilla,  and  one  might  here  assume  an  endogenetic  origin 
of  the  root  by  holding  that  the  epidermis  takes  no  share  in  the  formation  of  the  root,  but  is  only 
stretched  by  the  root-primordium  until  it  dies  or  is  broken  through. 

'  Hansen,  Vergleichende  Untersuchungen  fiber  Adventivbildungen  bei  Pflanzen,  in  Abhandlungen 
der  Senckenbergischen  naturforschenden  Gesellschaft,  zii  (1881),  p.  159. 
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was  found  by  Nageli  and  Leitgeb,  in  the  cases  which  were  examined,  close  to  the 
apical  region  of  the  root  at  a  point  where  the  first  vasa  were  not  yet  differentiated 
from  the  surrounding  cells.  Janczewski  says  that  in  Polygonum  Fagopyrum  the 
lateral  roots  are  laid  down  in  the  tissue  of  the  vegetative  point  which  is  still  covered 
by  the  root-cap,  and  which  has  not  yet  lignified  vessels ;  also  in  Pistia  these  lateral 
roots  arise  opposite  vessels  which  have  not  yet  become  lignified.  Still  at  the  time 
when  the  primordia  of  these  lateral  roots  are  laid  down  the  cells  of  the  rind  of  the 
root  have  already  in  many  cases  passed  into  the  permanent  condition  and  inter- 
cellular spaces  already  exist  between  them.  The  cells  which  give  origin  to  the 
lateral  roots  are  evidently  derived  from  the  terminal  embryonal  tissue. 

The  late  appearance  of  the  lateral  roots  has  from  my  point  of  view  to  be  con- 
sidered as  a  phenomenon  standing  in  relation  to  the  conditions  of  life.     The  early 

formation  of  lateral  roots  must  hinder  the 
passage  of  the  primary  root  into  the  soil. 
The  chief  root  makes  first  of  all  the  path 
and  fastens  itself  with  its  root-hairs,  and  only 
when  the  normal  further  development  of 
the  root-system  is  required  do  the  lateral 
roots  burst  forth.  In  many  plants,  especially 
those  which  grow  in  moist  soil  or  whose 
roots  function  for  a  relatively  short  time,  the 
branching  may  be  altogether  suppressed. 
We  see  this  in  Ophioglossum  and  especially 
in  a  number  of  Monocotyledones,for  example 
Arum  maculatum,  Colchicum  autumnale, 
Gagea  lutea,  Leucojum  vernum,  Ophry- 
deae  ^ ;  similarly  the  *  anchoring-roots '  which 
will  be  described  below  are  usually  un- 
branched. 

The  Origin  of  Boots  upon  Shoots. 
Adventitious  Boots.  The  behaviour  of 
shoots  in  the  matter  of  the  capacity  to  bring  forth  roots  is  extremely  varied.  Many 
annual  herbaceous  species  of  Spermophyta  do  not  possess  the  capacity  at  all,  whilst 
others,  which  have  creeping  as  well  as  upright  shoots,  lay  down  roots  quite  close 
to  the  vegetative  point.  According  to  Van  Tieghem  and  Douliot  the  roots  which 
are  developed  on  the  shoots  in  the  Spermophyta  arise  in  the  pericycle,  and  thus  the 
relationships  observed  in  the  branching  of  the  root  are  repeated ;  but  where  the 
roots  are  exogenetic  this  is  not  the  case.  The  tissue  of  the  rind  contributes  nothing 
to  their  formation;  it  surrounds  them  with  a  root-pocket  (Fig.  185)  which  is  of  use 
to  them  in  boring  through  the  tissue,  although  there  is  not  everywhere  a  'digestion* 
of  its  tissue.  There  are  differences  according  as  primordia  appear  earlier  or  later, 
but  these  have  little  organographical  interest.     All  the  primordia  of  the  roots  which 


Pig.  185.  Yoanji^  lateral  root  of  a  monocotylous 
plant  in  diajgjammatic  longitudinal  section.  G^ 
xylera  of  chief  root ;  .S",  phloem  of  chief  root ;  /*, 
pericycle  of  chief  root ;  Wh,  root-cap  of  lateral 
root ;  IVtf  diPTstive  pocket  formed  from  the  en- 
dodermia  of  chief  root. 


*  Sec  Rimbach    Beitrage  zur  Pbysiologie  der  Warzein,  in  Berichte  der  deutschen  botanischen 
Gesellscbaft,  xvii  (1899),  p.  29. 
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are  formed  upon  shoots  do  not  develop  into  roots,  but  many  may  remain  for  a  long 
time,  or  indeed  always,  as  *  latent '  primordia.  We  can  scarcely  reckon  amongst  these 
the  arrested  developments  of  normal  root-primordia  which  take  place  under  unfavour- 
able external  conditions,  for  instance  in  Hedera,  when  the  plant  is  cultivated 
without  any  substratum  for  its  shoots.  On  the  other  hand  we  find  in  Salix  latent 
root-primordia  under  the  cortex,  either  singly  on  both  sides  of  the  axillary  bud  or  in 
numbers  as  in  Salix  vitellina,  S.  pruinosa,  and  others.  These  primordia  of  roots 
■develop  on  cuttings  of  Salix  whilst  in  the  normal  vegetation  they  do  so  only  seldom. 
Nothing  is  known  about  the  time  of  their  appearance,  but  they  probably  arise  pretty 
early,  at  least  Vochting  mentions  them  upon  the  twigs  of  Salix  viminalis,  S.  pruinosa, 
and  others,  which  were  only  three  to  four  months  old.  No  doubt  they  exist  also  in 
other  woody  plants,  and  they  are  also  found  in  Equisetum  where  an  adventitious 
root  is  laid  down  upon  every  lateral  bud,  but  these  do  not  develop  usually  in  the 
epigeous  parts.  They  can,  however,  be  forced  into  development  in  moisture  and 
darkness. 

IV 

DIFFERENT  CONSTRUCTION   OF  THE   MEMBERS   OF 
THE  NORMAL  ROOT-SYSTEM   OF  THE   SOIL^ 

The  construction  of  the  members  of  the  root-system  and  their  relation- 
ship to  external  factors  vary  according  to  their  position  in  the  system. 
The  morphological  differences  are  like  those  which  have  been  already 
mentioned  as  occurring  in  the  long  and  short  shoots  of  the  lower  plants. 
If  we  turned  downwards  the  apex  of  the  shoot  represented  in  Fig.  i:z  of 
Part  I,  and  imagine  the  cell-walls  removed,  we  should  obtain  a  picture 
corresponding  in  some  measure  with  a  root-system  in  which,  however,  as  we 
know,  branching  would  not  come  quite  so  close  to  the  apex.  The  members 
are  usually  less  strong  the  higher  their  order,  and  this  finds  explanation  in 
their  anatomical  structure,  in  perennial  plants  also  in  the  shorter  duration 
of  life  ^  of  the  *  absorbing  rootlets '  about  which,  however,  we  have  few 
exact  investigations. 

The  classical  investigations  of  Sachs  have  shown  us  that  the  regular 
spreading  of  the  root-system  in  the  soil  is  conditioned  by  the  different 
capacity  of  reaction  to  gravity  in  the  roots  of  different  orders.  The  primary 
roots  are  positively  geotropic ;  the  lateral  roots  of  the  first  order  possess 
a  *  special  geotropic  angle  V  which  is  different  according  to  their  point  of 
origin.  In  the  upper  roots  which  stand  nearest  the  root-base  it  is  commonly 
a  right  angle,  but  in  those  standing  below  this  it  is  smaller.    The  lateral 

'  See  Sachs,  Uber  das  Wachsthum  der  Haupt-  und  Nebenwurzeln,  Gesammelte  Abhandlungen, 
ii  (1893),  xxzi  and  xzxii. 

'  All  the  roots  of  the  first  order  do  not  have  a  long  life,  for  instance  those  on  a  chief  root  of 
Taiaxacnm.    A  number  of  them  die  off.    Bat  I  know  of  no  investigation  of  this  phenomenon. 

^  Sachs  investigated  the  roots  of  seedling-plants.    The  relationships  of  matured  roots  deeper  in 
the  soil  may  be  different. 
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roots  of  the  second  order  which  spring  from  those  of  the  first  order  are,  on  the 
other  hand,  not  geotropic  They  grow  from  their  mother-roots  in  a  straight 
line  and  show  no  geotropic  curvature.  That  a  number  of  them  under  usual 
conditions  do  not  grow  out  on  the  surface  of  the  soil  is  the  result  of  the  fact 
that  the  air  is  too  dry  for  them.  If  the  air  is  artificially  kept  moist  many 
thin  rootlets,  especially  in  the  Monocotyledones,  will  gfrow  out  on  the  surface 
of  the  soil  ^,  a  fact  which  is  of  special  interest  in  connexion  with  the  develop- 
ment of  the  breathing-roots,  of  which  mention  will  be  made  below,  when  it 
will  be  shown  that  under  definite  conditions  negatively  geotropic  roots  are 
formed,  and  also  roots  which  have  entirely  lost  their  geotropic  sensitiveness. 
I  may  add  that  such  negatively  geotropic  roots  are  not  yet  known  amongst 
soil-roots,  yet  possibly  normal  n^;atively  geotropic  roots  occur  also 
amongst  them,  but  their  existence  has  not  yet  been  brought  to  light.  At 
any  rate  we  see  in  the  soil-roots  that  geotropic  sensitiveness  is,  to  speak 
teleologically,  r^julated  by  the  need  of  it,  and  this  is  also  the  case  in 
transformed  roots.  The  roots  which  spring  out  of  the  base  of  the  shoot  in 
Monocotyledones  appear  to  behave  like  lateral  roots  of  the  first  order, 
but  their  geotropic  sensitiveness  is  very  small  in  many  monocotylous  water- 
plants.  The  lateral  roots  of  these  roots  grow  in  Pontederia,  Pistia,  and 
others  in  every  direction,  and  are  plainly  not  geotropic.  It  is  important, 
when  considering  the  *  transformed '  non-geotropic  roots,  to  remember  the 
fact  pointed  out  by  Sachs  that  geotropic  roots  if  they  gfrow  in  the  air 
without  being  wetted  lose  their  geotropism  either  entirely  or  in  part. 

The  negative  heliotropism  and  positive  hydrotropism  which  are 
observed  in  many  soil-roots  play  a  great  part  evidently  in  the  formation  of 
the  air-roots,  which  will  be  subsequently  mentioned,  and  the  same  may  be 
said  of  contact-stimuli,  to  which  also  air-roots,  like  soil-roots,  appear  to  be 
sensitive.  To  what  extent '  exotropy '  is  concerned  in  the  direction  of  the 
lateral  roots  requires  fiirther  investigation.  According  to  Noll  ^  the  lateral 
roots  which  radiate  in  the  direction  of  the  four  points  of  the  compass  from 
the  primary  root  in  Lupinus  or  Vicia  Faba,  if  they  are  artificially  moved 
out  of  their  position,  assume  again  the  radial  position  to  the  primary  root 
when  the  distorting  force  is  removed,  making  a  sharp  bend  to  do  so.  This 
power  may  be  of  considerable  significance  for  their  uniform  distribution  in 
the  soil. 

The  Production  of  Shoots  by  Roots.  Adventitious  Shoots.  This 
appears  to  be  a  subsidiary  function  of  many  roots,  but  in  some  cases, 
as,  for  example,  in  the  Podostemaceae,  it  has  become  the  chief  function. 
Amongst  Dicotyledones  particularly  we  find  a  large  number  of  plants  whose 


^  See  Sachs,  Physiologische  Notizen :  V.  Ober  latente  Reizbarkeiten,  in  Flora,  Ixxvii  (1893),  p.  i. 
'  Noll,  tlber  eine  nene  entdeckte  Eigenschaft  des  Wnrzelsystems  (Exotropie),  in  Sitznngsberichte 
der  Niederrheinischen  Gesellschaft  fiir  Natar-  nnd  Heilkunde  zn  Bonn,  1894. 
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roots  produce  shoots,  and  these  normally  arise  as  endogenetic  structures  at 
the  positions  whence  the  lateral  roots  take  origin.  Frequently  the  position 
of  the  lateral  shoots  has  some  relationship  to  that  of  the  lateral  roots. 
They  arise  sometimes  in  the  vicinity  of  the  pointoforiginof  a  lateral  root  ^, 
as  in  Linaria  vulgaris,  Solanum  Dulcamara,  Fyrola,  and  Dioscorea,  and  this 
position  secures  that  the  shoot  shall  obtain  water  from  the  soil  by  the 
shortest  way,  just  as  the  position  of  the  bud  in  the  axil  of  the  foliage-leaf 
of  a  shoot  secures  not  only  its  protection  but  also  gives  it  the  advantage  of 
the  materials  formed  by  the  assimilation  of  its  axillant  leaf.  In  other  cases 
the  adventitious  roots  are  formed  at  least  in  the  vicinity  of  lateral  roots. 
They  arise  independently  of  these,  however,  when  they  appear  upon  older 
root-parts  which  have  already  developed  a  woody  character.  In  Pyrus 
japonica,  Rubus,  Prunus,  and  others,  their  seat  of  origin  is  in  the  primary 
medullary  rays ;  in  Ailanthus  they  are  distributed  over  the  general  surface 
of  the  mother-root  The  exact  point  of  origin  too  is  not  constant.  In 
Aristolochia  Clematitis  ^  this  is  not  in  the  pericycle  but  in  the  outer  layers 
of  the  primary  rind,'  as  it  is  in  the  Podostemaceae,  only  in  the  somewhat 
deeper  layers.  The  root-buds  of  Linaria  ^  are  moreover  exogenetic  struc- 
tures. It  appears  then  that  the  method  of  origin  of  the  primordia  of  root- 
shoots  is  as  various  as  is  that  of  the  root  itself 


ROOTS  ADAPTED  TO   SPECIAL    FUNCTIONS 

In  a  number  of  plants  a  portion  of  the  root-system,  or  it  may  be  the 
whole  of  one  of  the  ordinary  soil-roots,  is  adapted  to  a  special  function,  and 
consequently  exhibits  a  more  or  less  marked  change  in  its  inner  and  ou^er 
configuration.  A  series  of  transitions,  for  example,  leads  us  from  the  soil- 
roots  to  those  which  spring  from  the  base  of  the  stem  of  many  Monoco- 
tyledones,  and  which  soon  entering  the  soil  serve  as  prop-roots.  They  appear 
in  slight  degree  in,  for  example,  Zea  Mais.  They  are  more  conspicuous  in 
the  Pandaneae  and  in  many  Palmae,  for  example  Iriartea  and  others.  But 
their  most  remarkable  formation  is  found  in  the  Rhizophoreae  and  many 
species  of  Ficus,  in  which  they  have  been  frequently  confounded  with  stems. 


'  Beijerinck,  Beobachtungen  and  Betrachtangen  ttber  Wnrzelknospen  nnd  Nebenwnneln,  in 
Natnnrkundige  Verhandelingen  der  Koningklijke  Akademie  van  Wetenschappen  in  Amsterdam, 
wv  (1886). 

'  Beijerinck,  op.  dt.,  p.  109,  says  tl)e  epidermis  of  the  root  it  usually  bored  through  by  the  bud, 
but  in  the  buds  laid  down  very  early  the  epidermis  of  the  rind  of  the  mother-root  is  an  int^^al  pait 
of  the  new  formation.    There  is  here  a  transition  from  endogenetic  to  exogenetic  inception. 

'  Beijerinck  gives  no  certain  developmental  account  of  this,  and  his  story  of  the  inception  of 
the  lateral  roots  does  not  conform  with  that  of  Van  Tieghem  and  Douliot  for  other  species  of 
Linaria. 
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A  classification  of  transformed  roots  according  to  their  function  is 
difficulty  inasmuch  as  a  root  which  is  constructed  as  an  assimilation-organ 
may  at  the  same  time  serve  as  an  anchoring  one.  It  will  therefore  be  better 
to  deal  with  the  several  forms  in  the  biological  groups  of  plants  in  which 
they  occur: — 

{a)  Pneumatophores  or  Breathing-Roots  of  Marsh-Plants. 

It  has  been  already  pointed  out  that  the  roots  of  marsh-plants  live  in 
a  substratum  which  is  poor  in  oxygen  and  unfavourable  to  their  respiration*, 
and  it  is  through  the  intercellular  spaces  of  the  epigeous  parts  that  they 
obtain  their  oxygen  2.  Some  marsh-plants  have,  however,  special  arrange- 
ments for  drawing  in  air. 

Mangroves.  Fig.  186  is  a  portion  of  Lagimcularia  racemosa,  one  of 
the  plants  of  the  mangrove  of  South  America.  All  round  it  upon  the 
muddy  ground  washed  by  the  sea  there  rise  hundreds  of  asparagus-like 
breathing-roots  or  pneumatophores.  We  find  the  same  in  species  of  Avi- 
cennia  and  Sonneratia.  These  negatively  geotropic  roots  are  commonly 
unbranched,  but  if  their  tip  is  injured  they  may  branch  and  then  arise  two 
or  more  negatively  geotropic  roots.  The  pneumatophores  have  their  in- 
ternal structure,  which  I  cannot  describe  here,  arranged  specially  for  intense 
gas-exchange.  They  spring  from  the  roots  which  are  horizontally  stretched 
in  the  mud.  Similar  roots  appear  in  other  plants,  for  example  sugar-cane 
and  some  palms,  if  they  are  grown  in  wet  soil.  The  features  of  Lagun- 
cularia,  Avicennia,  and  Sonneratia,  are  only  an  exaggerated  condition  of 
a  feature  that  is  found  elsewhere. 

Westermaier '  has  recently  thrown  doubt  upon  the  generally  accepted  morpho- 
logical nature  of  the  pneumatophores.  He  considers  that  they  are  organs,  sui 
generis  on  account  of  their  anatomical  relationship.  The  vegetative  point  also  is 
not  covered  by  a  special  root-cap,  but  is  protected  by  a  cork-mantle  which  has  come 
about  evidently  as  an  adaptation  to  their  life  in  air.  This  mode  of  life  possibly 
may  have  brought  about  also  the  anatomical  differences  from  the  normal  root- 
structure*.  We  do  not,  however,  know  anything  about  the  primordia  of  these 
pneumatophores,  and  until  we  do  know  this  we  can  say  little  certainly  about  their 
•morphological  significance.*  It  is  quite  possible  that  the  pneumatophores  have 
arisen  in  quite  the  same  way  as,  only  probably  earlier  than,  the  structures  which  we 
find  in  Carapa  moluccensis  doing  the  work  of  pneumatophores.      In  this  species 


'  See  Part  I,  p.  260. 

'  Goebel,  Pflanzenbiologische  Schildeningen,  ii  (1893).  Prior  to  this  these  intercellular  spaces 
were  regarded  as  reservoirs  of  air  which  hardly  explained  their  occurrence  in  the  epigeoos  parts  of 
marsh-plants. 

'  Westermaier,  Zur  Kenntniss  der  Pneumatophoren ;  Botanische  Untersnchungen  im  Anschluss 
an  cine  Tropenreise,  Heft  i ;  Freiburg,  Schweiz,  1900. 

^  Besides,  there  is  no  fJEU-'reaching  anatomical  difference  between  root  and  shoot.  The  usual 
scheme  of  shoot -structure  is,  for  instance,  in  abeyance  in  many  species  of  Utricularia  and  Stylidinm. 
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horn-like  or  finger-like  outgrowths  arise  *  by  inequahties  in  the  secondary  growth  in 
thickness  in  the  upper  part  of  the  roots  which  creep  near  the  surface  of  the  mud. 
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In  my  view  it  is  most  probable  that  these  pneumatophores  are  roots.    In  Bruguiera 
knee-like  curved  portions  of  the  root  rising  above  the  mud  perform  the  same 


^  S«e  Karsten,  Uber  die  Mangrove- Vegetation  im  Malayischen  Archipel,  in  Bibliotheca  Botanica, 
xxu(i89i),p.  51. 
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function.  In  Lumnitzera  numerous  lateral  roots  ascend  in  a  negatively  geotropic 
manner  from  the  horizontal  roots  and  then  bend  downwards  with  a  sharp  curvature. 
At  the  point  of  bending  special  large  lenticels  are  developed,  often  a  centimeter 
in  diameter,  and  these  perform  the  work  of  gas-exchange. 

Taxodinm.  I  can  do  no  more  than  mention  here  the  '  root-knees '  of  Taxo- 
dium  which  discharge  a  similar  function. 

The  biological  significance  of  the  air-roots  first  of  all  suggested  upon  the  ground 
of  their  anatomical  relationships,  and  the  localities  in  which  they  were  found  S  was 
experimentally  supported  by  Karsten  and  Greschoff.  Westermaier's  hypothesis 
that  they  act  as  '  pumps '  is  very  improbable,  and  has  no  experimental  foundation. 

JtuMieuea.  The  peculiar  roots  which  are  developed  in  some  species  of 
Jussieuea  belong  to  this  cat^ory^.  These  roots  have  large  intercellular 
spaces,  and  their  apex  is  directed  upwards.  They  were  formerly  considered 
as  swimming-organs,  an  explanation  which  it  is  easy  to  see  is  inappropriate. 
They  have  limited  growth,  are  usually  unbranched,  and  may  reach  twenty 
centimeters  in  length,  as  in  the  case  of  J.  salicifolia.  They  evidently  serve 
the  purpose  of  gas-exchange. 

Sesbonia  aouleata,  one  of  the  Papilionaceae,  possesses  similar  roots  \ 

{b)  Assimilation-Roots  and  Shoot-forming  Roots  of  the 

PODOSTEMACEAE  *. 

The  Podostemaceae  is  a  group  of  water-plants  distinguished  by  many 
remarkable  adaptations.  They  grow  upon  stones  in  rapidly  flowing  water. 
The  roots,'  when  these  are  present,  cannot  therefore  enter  into  a  substratum, 
and  therefore  they  have  been  adapted  to  many  other  functions.  Owing  to 
their  position  the  roots  are  exposed  to  light  and  contain  chlorophyll.  The 
formation  of  chlorophyll  may  take  place  in  many  roots  which  are  usually 
not  green  if  they  grow  in  the  light,  for  example  in  those  of  Menyanthes 
trifoliata,  Mirabilis  Jalapa,  whilst  at  the  same  time  other  roots  of  the  plant 
are  not  in  a  position  in  which  this  can  occur.  The  roots  of  the  Podo- 
stemaceae are,  however,  all  chlorophyllous,  and  many  are  constructed  as 
assimilation-organs.    I  quote  the  following  examples  from  Warming : — 

Bicraea  elongata  and  D.  algaeformis.  Dicraea  elongata  and  D.  algaeformis 
have  two  kinds  of  roots.    One  of  these  spreads  itself  over  the  substratum  to  which  it 


*  See  Goebel,  Uber  die  Rhizophorenyegetation,  in  Sitzungsberichte  der  naturforschenden  Gesell- 
schaft  zn  Rostock,  1886 ;  .  id.,  Uber  die  Luftwurzeln  von  Sonneratia,  in  Berichte  der  deutschen 
botanischen  Gesellschaft,  iv  (1886),  p.  249;  id.,'  Pflanzenbiologische  Schilderungen,  i  (1889), 
p.  113. 

'  See  Goebel,  Pflanzenbiologische  Schilderongen,  ii  (1895),  p.  259,  where  the  literature  is  cited. 
'  See  Scott  and  Wager,  On  the  floating-roots  of  Sesbania  aculeata,  Pers.,  in  Annals  of  Botany, 
i  (1887),  P-  307-    1°  this  plant  the  roots  are,  in  my  view,  not  swimming-roots  but  breathing*roots. 

*  See  Warming,  Familien  Podostemaceae :  I-V,  in  Skrifter  af  det  kgl.  danske  videnskabeme  Selskab, 
1881, 1882,  1888,  1891,  1899;  Goebel,  Pflanzenbiologische  Schildenmgen,  ii  (1893),  p.  331.  The 
literature  is  cited  in  the  last-mentioned  work.  Also  Willis,  Studies  in  the  Morphology  and  Geology  of 
the  Podostemaceae  of  Ceylon  and  India,  in  Annals  of  the  Royal  Botanic  Gardens,  Peradeniya,  190 1. 
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is  festened  by  root-hairs  *  and  haptera  \  The  other  kind  floats  free  in  the  water  like 
so  many  algae  anchored  at  their  base.  There  is  evidently  no  geotropic  sensitive- 
ness in  them,  and  this  may  be  noted  in  most  algae.  These  free-floating  roots  produce 
in  progressive  acropetal  succession  the  primordia  of  foliage-shoots  which  are  endo- 
genetic,  but  are  laid  down  far  from  the  central  cylinder  of  the  root  with  which  they 
only  come  into  connexion  at  a  later  period,  and  they  attain  to  only  a  slight  con- 
struction and  are  far  behind  the  roots  which  are  rich  in  chlorophyll  in  their  power 
of  assimilation.  The  free  roots  evidently  have  a  limited  growth,  and  in  this  they 
contrast  with  the  non-metamorphosed  roots  which  are  spread  out  over  the  substratum. 
In  D.  elongata  they  are  round,  in  D.  algaeformis  they  are  band-like  and  have  the 
appearance  of  a  foliage-leaf.  The  root-cap  is  but  little  developed  and  rudimentary. 
The  likeness  to  a  leaf  of  these  remarkable  roots  of  D.  algaeformis  is  heightened 
sometimes  by  the  fact  that  on  one  side  of  them  there  is  developed  a  palisade-like 
parenchyma,  and  in  this  they  exhibit,  indeed,  an  analogy  with  phylloclades.  The 
roots  of  these  plants  diverge  then  in  conformation,  direction  of  growth,  and  function 
altogether  from  the  common  condition,  and  this  deviation  is  evidently  brought 
about  under  the  influence  of  h'ght. 

We  find  also  elsewhere  amongst  the  Podostemaceae  that  roots  are  flattened 
sometimes  upon  the  side  to  the  light  and  sometimes  upon  the  side  to  the  substratum. 

Oenone  leptophylla.  In  the  root  of  Oenone  leptophylla,  the  transverse 
section  of  which  is  represented  in  Fig.  122  of  Part  I,  its  dorsiventral  character  is 
well  shown,  and  we  observe  how  here,  as  in  the  aerial  roots  of  the  orchids  which 
will  be  mentioned  presently,  a  form  may  be  only  indicated  in  one  plant  while  it 
appears  as  a  conspicuous  feature  in  a  nearly  allied  one. 

Hydrobrymn.  The  flattening  reaches  its  extreme  in  Hydrobryum,  a  small 
podostemaceous  plant  in  which  the  roots  form  a  flat  crust  upon  the  stones 
and  the  shoots  spring  out  from  its  upper  side — a  most  remarkable  construction 
in  which  we  naturally  do  not  find  any  special  root-cap.  In  this  plant  the  roots 
are  anchoring-organs,  but  they  are  also  of  importance  for  assimilation  and  for 
the  production  of  shoots.  This  latter  function  is  met  with  also  in  other  Podo- 
stemaceae in  which  the  transformation  of  the  roots  has  not  gone  so  far  (see  Fig.  164). 
Altogether  the  roots  of  the  Podostemaceae  give  us  one  of  the  most  striking  examples 
of  how  change  of  configuration  goes  hand  in  hand  with  change  of  function. 

{c)  Air-Roots  of  the  Cycadaceae. 

Remarkable  root-formations  which  require  further  investigation  are 
found  in  many,  perhaps  all,  Cycadaceae: — 

These  are  roots  which  appear  above  the  soil  or  near  its  surface,  and  by  repeated 
forkings  give  rise  to  coral-like  structures.  They  are  shown  in  Fig.  187,  II,  where 
in  Macrozamia  Fraseri  from  each  side  of  the  thick  beetroot-like  hypocotyl  there 
spring  near  the  surface  of  the  soil  some  roots  which  grow  upwards  and  perhaps  may 
be  negatively  geotropic.    The  swelling  at  their  points  indicates  the  beginning  of 

'  These  arise  only  on  the  ude  next  the  substratum.     Whether  light  hinders  their  formation  on  the 
exposed  side  and  contact-stimulus  induces  them  on  the  other  is  unknown. 
'  See  pp.  322,  265. 
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branching.  The  lateral  roots  are  much  shorter,  and  branch  earlier.  They  are 
represented  in  Fig.  187,  I,  in  a  rootlet  of  Ceratozamia  robusta.  In  this  plant  the 
coral-roots  appear,  as  in  Cycas,  often  in  great  numbers.  They  differ  from  the 
ordinary  soil-roots  by  their  forked  branching.  As  we  find  a  like  abnormal  construc- 
tion of  the  roots  following  upon  an  infection  of  lower  organisms  in  other  plants,  for 
instance  in  the  mycorrhiza  of  many  Coniferae  and  the  mycodomatia  of  Alnus,  it  is 
possible  that  micro-organisms  are  also  the  cause  of  the  condition  in  Cycadaceae. 
Janczewski '  considers  the  dichotomy  in  Cycas  as  a  *  pathological  process,'  brought 
about  by  an  *  endophytic  '  Nostoc.  Reinke '  was  the  first  who  showed  that  in  the 
cortex  of  the  roots  of  such  Cycadaceae  an  Anabaena  is  found.     That  these  Cyano- 

phyceae  cannot  be  the  cause  of  the  forking  in 
the  roots,  as  Janczewski  would  have  it,  and  is 
still  less  the  cause  of  the  appearance  of  the  re- 
markable breathing-roots',  is  evident  inasmuch 
as  the  presence  of  the  Anabaena  is  by  no 
means  a  constant  occurrence.  Other  lower 
organisms,  such  as  fungi  and  bacteria,  are 
not  constant  inhabitants — according  to  some 
slight  investigations  which  I  myself  made — 
and  inducers  of  the  air-roots  of  the  Cycadaceae. 
I  must  therefore  assume  that  we  have  here  to 
deal  with  normal  vegetative  organs,  whose 
peculiarity  consists  in  this  that  they  come  in 
contact  with  the  atmosphere,  and  that  they 
are  probably  to  be  considered  as  pneumato- 
phores.  At  any  rate  we  gain  nothing  by 
supposing,  as  some  authors  do,  that  they  are 
*  atavistic'  The  Cycadaceae  are  allied  to  the 
Filicineae,  but  dichotomous  branching  of  the 
root  is  unknown  in  the  Filicineae,  if  we  da 
not  reckon  Isoetes  with  them.  We  shall  only 
gain  a  knowledge  regarding  the  significance 
of  the  air-roots  of  Cycadaceae  by  experimental  investigation.  It  must  be  remem- 
bered that  the  air-roots  need  not  always  have  to  do  with  the  absorption  of  oxygen. 


Fig.  187.  I,  Ceratozamia  robusta.  Root 
with  normal  lateral  roots  below  and  coral-like 
branched  air-roots.  II,  Macroxamia  Fraseri. 
Seedling  with  erect  air- roots,  A^  sprinjg:ing  from 
the  hypocotyl,  H^  close  to  the  insertion  of  the 
cotyledons,  co.    I,  natural  size.    II,  half  natural 


{d)  Roots  of  Epiphytes. 

The  assemblage  of  epiphytes  which  is  so  richly  developed  in  the 
tropics  finds  itself  in  the  matter  of  nutrition  and  anchoring  frequently  under 
conditions  altogether  different  from  those  of  plants  rooting  in  the  soil, 

^  Janczewski,  Das  Spitzenwachstham  der  Phanerogamenwurzeln,  in  Botanische  Zeitnng,  xxxii 
(1874),  p.  116. 

^  Reinke,  Uber  die  anatomiscben  VerhaltniMe  einiger  Arten  von  Gunnera,  Linn.,  in  Gottinger 
gelehrte  Nachrichten,  1S73,  p.  107;  id.,  Zwei  parasitische  Algen,  in  Botanische  Zeitnng,  xxvii 
(1879),  p.  473. 

'  A.  Schneider,  Mutualistic  Symbiosis  of  Algae  and  Bacteria  with  Cycas  revolata,  in  Botanical 
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and  this  has  led  to  a  divergence  in  the  anatomical  and  morphological 
construction  of  the  root-system  in  many  cases.  Epiphytes  have  been 
repeatedly  and  comprehensively  described  in  botanical  literature  in  recent 
times  ^,  and  I  need  therefore  give  here  only  a  short  exposition  of  their  most 
important  relationships  of  an  organographical  character. 

With  reference  to  the  anatomical  structure  the  remarkable  apparatus 
for  the  uptake  of  water  which  is  visible  in  the  velamen  of  the  air-roots  of 
many  orchids  and  of  some  aroids  may  be  recalled.  Further  it  may  be 
pointed  out  that  the  root-hairs  have  in  many  cases  taken  on  qualities  other 
than  those  found  in  soil-roots.  The  root-hairs  of  soil-roots  are  extremely 
sensitive  to  dryness.  Many  of  the  root-hairs  of  epiphytes  are  by  no  means 
so  sensitive.  The  older  root-hairs,  especially  in  many  epiphytic  Filicineae, 
have  a  brown  colour ;  their  walls  behind  the  point  are  '  encrusted '  with  a 
substance  which  resists  the  action  of  sulphuric  acid  and  boiling  potash,  and 
this  makes  them  very  resistent  to  drying.  The  root-hairs  also  partly  serve 
here  to  fix  water  by  capillarity.  In  Antroph)aim  cayennense  ^,  for  example, 
the  shoot-axis  is  entirely  envelopecl  by  a  dense  reddish  root-felt  which  is 
formed  by  the  numetous  exposed  root-hairs,  and  it  forms  a  kind  of  root- 
sponge  for  the  taking  up  of  water.  In  many  epiphytic  orchids  also  the 
root-hairs  are  peculiarly  constructed  ^ 

The  geotropic  behaviour  of  these  roots  is  interesting.  Many  aerial 
roots  of  orchids  have  lost  their  geotropic  sensitiveness  in  great  measure,  in 
others  it  appears  in  a  peculiar  form.  Some  of  the  more  remarkable  con- 
structions are  these : — 

tf.  NEST-ROOTS  OF  EPIPHYTES. 

By  this  name  we  designate  negatively  geotropic  roots  which  grow 
up  out  of  the  substratum  and  form  nest-like  masses  within  which  humus 
accumulates.  They  are  found  in  some  species  of  Aroideae,  for  example 
Anthurium  Hugelii  and  others,  and  amongst  Orchideae  in  Grammato- 
phyllum  speciosum,  species  of  Cymbidium,  Aeriopsis  javanica*,  and  others. 

Gazette,  xix  (1894),  p.  25,  found  bacteria  in  the  oater  cells  of  the  coral-roots  of  Cycas  revoluta,  bnt 
it  does  not  follow  that  this  is  either  a  <  symbiosis '  or  a  canse  of  the  appearance  of  the  roots. 

^  See  Schimper,  Die  epiphytische  Vegetation  Amerikas,  in  Botanische  Mittheilnngen  ans  den 
Tropen,  i,  Jena,  1888 ;  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889), 

*  Goebel,  Archegoniatenstadien :  VIII.  Hecistopteris,  eine  verkannte  Famgattung,  in  Flora,  Ixxxii 
(1896),  p.  73. 

'  TTiey  may  be '  lignified,'  according  to  Molisch,  tJber  Wnrzelausscheidnngen  und  deren  Emwirkung 
auf  organische  Snbstanzen,  in  Sitznngsberichte  der  Wiener  Akademie,  xcvi,  i  (1887),  p.  107,  footnote. 
Free  hanging  aerial  roots  of  orchids  form  nsnally  no  root-hairs,  but  this  is  not  always  so.  They 
appear  in  moist  air  upon  the  air-roots,  usually  adherent,  of  Vanilla,  Phalaenopsis,  and  others,  even 
if  these  do  not  touch  a  substratum. 

*  The  numerous  dose-set,  negatively  geotropic,  thin  roots  are  covered  with  short,  spreading,  lateral 
rootlets.  All  water  flowing  down  from  the  upper  surface  of  the  tree  will  filter  through  this  weft  of 
roots,  but  it  cannot  retain  large  objects.  See  Ra£iborski,  Biologische  Mittheilnngen  aus  Java,  in 
Flora,  Ixxxv  (1898),  p.  353. 
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b.  ASSIMILATION-ROOTS  OF  EPIPHYTES. 

The  roots  of  epiphytes  which  are  exposed  to  the  light  usually  contain 
chlorophyll,  but  where  there  are  numerous  and  well-developed  leaves  then 
chlorophyll  is  only  present  in  relatively  small  amount.  In  some  Orchideae, 
however,  the  roots  are  essentially  the  assimilation-organs  and  even  may  be 
the  exclusive  ones,  and  then  they  show  corresponding  changes  in  their  anato- 
mical structure  and  their  configuration — they  are  conspicuously  dorsiventraP. 
Fhalaenopsis.  I  shall  first  of  all  speak  shortly  of  the  formation  of 
the  roots  in  the  genus  Phalaenopsis.  In  Fig.  188  there  are  portions,  in 
transverse  section,  of  the  root  of  three  species.  Ph.  Esmeralda  (Fig.  188, 1) 
has  roots  which  we  cannot  designate  as  dorsiventral,  but  they  function  only 
to  a  small  extent  as  assimilation-organs ;  they  are  rather  to  be  regarded, 
apart  from  their  capacity  to  absorb  water,  as  seats  of  water-storage  in  the 
dry  period  during  which  the  plant  has  lost  its  leaves.     Ph.  Lueddemanniana 

(Fig.  188,  II)  shows  conspicuously  flattened  and 
dorsiventral  roots.  The  root-hairs  are  produced 
upon  the  under  side  and  only  along  the  middle 
line  of  the  roots  which  lie  close  upon  the  branch 
of  the  tree^.  The  long  roots,  often  a  meter 
long,  of  Ph.  Schilleriana  (Fig.  188,  III)  show 
Fio.  .88.  Phaiaenopds.  Roou  ^^^^  flattening  lu  an  extreme  degree.  These 
r^rirph.L?idLnii^  roots  are  firmly  adherent  to  the  stem  of  the 

J^]:iifr:y^^^^^thati^^  tree  (Fig.  189).  The  tissue  of  the  cortex  on 
""^^^v^^ii^^T^lt^^^Si  both  sides  of  the  central  cylinder  is  massively 
.ligrnilpliiStioI,!^-  '^"  ""^  **""     developed— an   arrangement  which  may  be  of 

advantage  by  enabling  the  root  to  retain  by 
capillarity  the  water  upon  the  under  side.  The  flattening  begins  very 
early ;  probably  the  transverse  section  of  the  vegetative  point  of  the  root  is 
not  circular  but  elliptic^.  The  uptake  of  water  chiefly  takes  place  by  the 
under  side  whilst  the  upper  side  is  constructed  to  protect  the  root  against 
strong  transpiration.  The  anatomical  structure  (Fig.  190)  shows  this  clearly. 
On  both  sides  there  is  a  two-layered  velamen^  under  which  lies  the 
exodermis.  The  outer  walls  of  the  cells  of  the  exodermis  are  greatly 
thickened  in  those  of  the  upper  side,  but  only  slightly  thickened  in  those 
of  the  under  side.     The  velamen  is  developed  upon  the  upper  side  only  as 


^  See  Janczewski,  Organisation  dorsiventrale  dans  les  racines  des  Orchid^es,  in  Annales  des 
scieuoes  naturelles,  s^r.  7,  ii  (1885) ;  also  Goebel,  P/)anzenbiologischeSchildening€n»  i  (1889),  p.  197, 
and  ii  (1893),  p.  344. 

'  The  factors  which  determine  the  localization  of  the  root-hairs  upon  the  under  side  require 
investigation.  The  substratum  is  not  the  effective  influence  because  free  roots  in  moist  air  have 
hairs  only  upon  the  under  side.  Possibly  the  dorsiventrality  originally  induced  by  light  is  the 
critical  factor. 

'  I  have  only  examined  one  root-tip.  Fig.  188,  IV,  represents  a  transverse  section  near 
the  tip. 
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an  apparatus  for  taking  up  water,  and  is  composed  of  empty  thin-walled  cells 
with  fibre-thickening.  The  outer  thin-walled  layer  of  the  velamen  is  hardly 
visible  upon  the  upper  side,  but  the  inner  is  transformed  into  thick-walled 
cells.  In  correspondence  with  this  the  characteristic  *  aeration-striae  *  of 
the  velamen  of  the  aerial  roots  of  the  Orchideae  are  to  be  found  here 
only  upon  the  under  side.  It  has  been  already  pointed  out^  that  the 
flattening  of  the  aerial  roots  of  many  Orchideae  is  brought  about  by  light  *, 

whilst  in  other  cases  it  is  *  fixed  by 
inheritance.'  Phalaenopsis  Schil- 
leriana  furnishes  us  with  a  case 
where  the  flattening  is  not  due  to 
light.    A  portion  of  the  root  many 


Fig.  189.  Phalaenopeis  Schilleriana.  Roots 
flattened  and  adpressed  to  bark  of  a  tree.  The 
notches  on  two  of  the  roots  are  a  consequence  of 
interrnption  of  growth.    One-half  natural  size. 


.  i^.  Phalaenopsis  Schilleriana.  Portion 
it  in  transverse  section.    I,  through  the 


Fig. 
of  root  i 

upper  side.    II,  through  the  under  side.    Ejc^ 
exodermis ;  v,  velamen. 


centimeters  long  which  was  grown  in  a  non-translucent  tube  was  quite  devoid 
of  chlorophyll,  and  yet  as  flat  as  a  portion  which  was  developed  in  light. 
On  the  other  hand,  thickening  of  the  walls  of  the  cells,  especially  of  the 
exodermis,  was  markedly  less^  In  many  species  of  Phalaenopsis  the 
leaves  die  away  in  the  annual  dry  season,  and  only  the  green  roots, 
which  are  well  protected  against  loss  of  water,  and  the  vegetative  point  of 
the  shoot  persist. 

Taeniophyllum.    This  behaviour  leads  us  on  to  the  cases  in  which  the 


»  Sec  Part  I,  p.  246. 

'  The  anatomical  structure  also  through  transpiration-relationships. 

'  I  pass  over  other  anatomical  differences. 
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leaves  are  reduced  to  scales  without  chlorophyll,  and  in  which  the  roots  are 
the  special  assimilation-organs.  We  find  this  in  species  of  Taeniophyllum, 
and  also  in  Angraecum  fasciola  and  others ;  foliage-leaves  do  not  arise  even 
in  the  germination  in  Taeniophyllum  *,  and  as  the  roots  are  frequently 
adapted  to  living  in  light  the  foliage-leaves  do  not  appear,  according  to 
Wiesner,  even  if  Taeniophyllum  be  grown  in  the  absence  of  light. 

c,  ANCHORING-ROOTS  OF  EPIPHYTES. 

In  some  epiphytic  plants  which  are  able  to  take  up  through  their  leaves 
large  quantities  of  water,  with  the  substances  that  are  dissolved  in  it,  the 
roots  serve  only  as  anchoring-organs.  They  cannot  take  up  water  to  cover 
the  needs  of  the  plant,  their  conducting  channels  are  small,  and  their 
mechanical  tissues  are  strongly  developed.  Such  anchoring-roots  are  found 
in  some  species  of  Tillandsia,  for  example  T.  bulbosa  and  others,  and  in 
some  (not  all!)  other  epiphytic  Bromeliaceae.  That  Tillandsia  usneoides 
has  lost  its  roots  has  been  stated  above  ^. 

{e)  Anchoring-Roots  of  Climbing  Plants. 

Root -climbers  possess  anchoring-roots,  and  are  not  sharply  distin- 
guished from  the  epiphytes.  We  frequently  find  in  them  a  division  of 
labour  in  the  roots  such  as  has  been  so  long  known  in  the  case  of  Hedera — 
we  have  anchoring-roots  and  nourishing-roots.  As  anchoring-roots  we 
understand  here  those  which  serve  purely  as  anchoring-organs ;  their  func- 
tion as  nourishing-roots  having  been  given  up  either  entirely  or  in  great 
measure.  One  can  easily  satisfy  oneself  in  the  case  of  Hedera,  for  example, 
anchored  to  a  wall  by  means  of  its  anchoring-roots,  that  if  its  connexion 
with  the  nourishing-roots  which  are  in  the  soil  is  cut  through  the  plant 
withers.  The  nourishing-roots  on  the  other  hand  are  only  for  the  purpose 
of  acquiring  and  bringing  nutrition.  Anchoring-roots^  are  distinguished 
from  nourishing-roots  not  only  by  their  shorter  length  and  thickness,  their 
shorter  duration  of  life  and  different  anatomical  structure,  but  also  by  dif- 
ferent physiological  peculiarities.  They  have  lost  entirely  or  in  great  measure 
geotropic  sensitiveness,  and  therefore  their  negative  heliotropism  and  their 
sensitiveness  to  contact-stimuli  are  often  much  stronger  than  in  soil-roots  *. 

As  regards  relationship  to  contact-stimulus  we  may  specially  bring 
under  notice  the  roots  which  Von  Mohl  *  designated  root-ietidrils  because 


*  With  regard  to  the  relationships  of  configuration  see  Goebel,  PAanzenbiologische  Schildeningen, 
i  (1889),  p.  194;  the  species  of  Taeniophyllum  figured  there  (Fig.  86)  is  not  T.  Zollingeri,  bat 
a  mountain  form  in  which  the  assimilation>roots  are  only  partially  pendent. 

«  See  p.  265. 

*  See  Went,  Uber  Haft-  und  Nahrwurzebi  bei  Kletterpflanzen  und  Epiphyten,  in  Annales  du  Jardin 
botanique  de  Buitenzorg,  xii  (1895). 

*  How  far  positive  hydrotropism  has  to  be  considered  as  I  formerly  supposed  it  was,  demands 
experimental  inquiry.    See  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  p.  160. 

^  Mohl,  Uber  den  Bau  und  das  Winden  der  Ranken-  und  Schlingpflanzen,  Tubingen,  1827,  p.  49 ; 
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they  can  twine  round  thin  supports  just  like  a  tendril.  These  root- 
tendrils,  however,  are  not  always  only  anchoring-roots.  Von  Mohl 
specially  observed  them  in  Vanilla  aromatica,  in  which  species  they  hang 
straight  towards  the  soil  if  the  twig  from  which  they  spring  hangs  free  in 
the  air,  but  force  themselves  into  the  splits  on  the  surface  of  a  tree-stem 
should  they  reach  it,  and  twine  round  any  thin  support  with  which  they 
come  in  contact,  in  the  same  manner  as  do  tendrils.  The  melastomaceous 
plants  Medinilla  radicans,  Dissochaeta,  and 
others,  show  the  same  features,  but  in  them 
the  root-tendrils  are  exclusively  anchoring- 
organs. 

The  difference  in  behaviour  between 
anchoring-roots  and  nourishing-roots  may 
be  depicted  in  one  single  example.  The 
anchoring-roots  of  Philodendron  melano- 
chrysum  (Fig.  191)  twine  round  thick  tree- 
stems  like  horizontal  thongs ;  they  are  not 
geotropic,  but  they  are  negatively  helio- 
tropic  and  extremely  sensitive  to  contact- 
stimuli,  the  cylinder  of  conducting  bundles 
has  few  and  narrow  vasa  and  much  scleren- 
chyma.  The  nourishing-roots  are  thicker 
than  the  anchoring-roots ;  they  do  not  arise 
like  them  from  the  side  of  the  shoot-axis 
of  Philodendron  which  is  turned  to  the 
substratum,  but  upon  the  opposite  side; 
they  grow  downwards  towards  the  ground, 
and  usually  in  contact  with  the  support 
on  which  the  plant  is  climbing,  but  in 
other  Aroideae  they  pass  down  freely 
through  the  air  ;  the  cylinder  of  conduct- 
ing bundles  is  larger^  and  has  many  vasa 
and  little  sclerenchyma.  It  is  clear  that 
the  nourishing-roots  can  only  be  formed  after  the  plant  has  reached  a 
certain  size  and  has  already  obtained  material  for  the  formation  of  these 
roots,  and  development  of  the  nourishing-roots  is  rendered  necessary 
because  so  many  of  these  climbing  plants  reach  so  great  a  size.  In 
climbing  plants  which  soon  lose  their  connexion  with  the  ground  and 
thus  throw  off  their  original  root-system,  or  which  from  the  beginning 
grow  upon  the  trees  and  not  in  the  soil,  it  may  be  assumed  that  anchoring- 


FlO.  191.  Philodendron  melanochrysam. 
Stem  with  vertical  nourishin?roots  and 
horizontal  anchoring-roots.  Half  natural 
size.    After  Schimper. 


also  Treub,  Sur  une  nouvelle  cat^gorie  de  plantes  grimpantes,  in  Annales  du  Jardin  botanique  de 
Buitenzorg,  iii  (1883);  Went,  liber  Haft-  und  Nahrwurzcln  bei  Kletterpflanzen  und  Epiphytcn,  in 
Annales  du  Jardin  botanique  de  Buitenzorg,  xii  (1895). 
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roots  first  of  all  develop  out  of  soil-roots,  and  then  nourishing-roots  form 
from  these — an  explanation  which  is  supported  by  the  interesting  occurrence 
in  the  Aroideae  of  intermediate  transition-forms  between  anchoring-roots 
and  nourishing-roots  \ 

What  has  been  said  applies  equally  well  to  other  climbing  plants. 
Freycinetia  imbricata,  one  of  the  Pandaneae,  has  no  nourishing-roots  but 
only  anchoring-roots,  but  in  Fr.  javanica  anchoring-roots  may  develop  into 
nourishing-roots.  Fr.  Bennettii  has  well-developed  nourishing-roots.  Anchor- 
ing-roots are  elsewhere  known  in  a  large  number  of  climbing  plants  of  the 
Clusiaceae,  Artocarpeae,  Bignoniaceae,  Asclepiadaceae,  and  other  families. 

(/)  Roots  as  Mechanical  Organs  of  Protection.    Thorn-Roots. 
Roots  may  develop  into  thorns  just  as  do  leaves  and  shoots.   Examples 
are  known  both  amongst  the  Monocotyledones  and  Dicotyledones. 

MONOCOTYLEDONES. 

Amongst  Monocotyledones  the  case  of  the  palms  Acanthorhiza  ^ 
and  Iriartea  have  been  long  known: — 

Aoanthorhiza  aouleata.  Acanthorhiza  aculeata  possesses  in  its  lower 
stem-region  normal  soil-roots,  but  in  the  upper  region  there  are  formed 
feebler  roots  which  lose  their  root-cap,  whilst  the  cell-membranes,  with  the 
exception  of  the  sieve-tubes,  become  lignified,  and  the  cells  of  the  outer 
cortex  take  on  a  strongly  sclerenchymatous  character. 

Iriartea.     In  Iriartea  it  is  the  lateral  roots  which  become  small  thorns. 

Dioscorea  prehenailis.  Dioscorea  prehensilis^  furnishes  a  further 
example.  This  remarkable  plant  possesses  tubers  which  are  enclosed  in 
a  sheath  of  thorn-roots.  These  are  in  the  soil  not  above  it  as  in  the  case 
just  mentioned.  There  can  be  little  doubt  that  these  thorns  are  an  effective 
mechanical  protection  against  animals,  perhaps  also  against  the  pressure  of 
the  dried-up  soil.     Similar  relationships  are  found  perhaps  in  D.  spinosa. 

Moraea.  A  South  American  species  of  Moraea',  one  of  the  Irideae, 
has  at  the  base  of  its  stem  a  dense  net-work  of  thorn-roots  which  recalls  the 
skin  of  a  hedgehog.     The  thorn-root-system  is  here  hypogeous. 

DICOTYLEDONES. 

Myrmeoodia.  Only  one  case  of  thorn-roots  is  known,  that  of  the 
remarkable  rubiaceous  genus  Myrmecodia,  which  Treub  *  has  investigated. 
The   thorns  which  appear  upon    the   outer   side   of  the  tuber  and  the 

'  See  Went,  Uber  Haft-  und  Nahrwurzeln  bei  Kletterpflanzen  imd  Epiphyten,  in  Annales  du 
Jardin  botanique  de  Buitenzorg,  xii  (1895). 

^  Fricdrich,  Uber  eine  Eigenthiimlichkeit  dcr  Luftwnrzeln  von  Acanthorhiza  acnleata,  Wendl.,  in 
Acta  Horti  Petropolitani,  vii  (1880),  p.  537;  see  also  Rassow,  Uber  Pandanus  odoratissimus, 
Unterauchnngen,  p.  537. 

^  Scott,  On  Two  New  Instances  of  Spinous  Roots,  in  Annals  of  Botany,  xi  (1897),  p.  327. 

*  Treub,  Sur  le  M}rrmecodia  echinata,  Gaud.,  in  Annales  du  Jardin  botanique  de  Buitenzorg,  iii 
(1883),  P-  J  29.    The  literature  is  dted  here. 
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shield-like  projections  of  the  stem  bearing  the  leaves  are  metamorphosed 
roots  which  have  lost  their  root-caps. 

ig)  Storage-Roots. 
These  are  roots  which  are  used  for  the  storage  of  reserve-material. 
According  to  the  amount  of  this  they  diverge  more  or  less  from  the  con- 
figuration of  the  ordinary  soil-root.  Where  considerable  masses  of  reserved- 
material  have  to  be  deposited  they  develop  parenchyma  for  its  reception, 
and  frequently  therefore  become  fleshy.  The  whole  root  may  thus  become 
a  tubery  or  only  portions  of  it,  and  these  are  then  separated  from  one 
another  by  regions  showing  the  common  root-character.  We  find  this  in 
the  cucurbitaceous  Thladiantha  dubia,  and  in  it  the  tuberous  portions  of  the 
root  persist  whilst  the  intermediate  portions  die  away*  Where  the  whole 
root  forms  one  tuber  the  root-cap  usually  disappears,  as  for  example  in  the 
tubers  of  Ranunculus  Ficaria  and  of  the  Ophrydeae.  A  description  of  these 
tuberous  roots  belongs,  however,  more  to  the  province  of  anatomy.  All 
fleshy  roots  do  not,  however,  serve  as  storage-roots ;  at  least  this  does  not 
appear  to  be  the  case  ^,  or  is  so  only  in  a  slight  degree,  in  the  fleshy  roots 
of  Oxalis  tetraphylla  previously  mentioned  as  pull-roots  *. 

{/l)    MVCORRHIZA. 

I  pass  over  here  the  formation  of  mycorrhiza,  as  any  account  of  this  would 
involve  the  description  of  a  number  of  details  of  an  anatomical  and  physiological 
experimental  character,  which  is  beyond  the  scope  of  this  book.  The  examples 
which  I  have  already  given  will  show  how  in  a  number  of  cases  function  and  the 
formation  of  organs  hang  together. 

VI 

PERIOD  OF  DEVELOPMENT  OF  THE  ROOT 

In  plants  whose  vegetation  is  periodically  interrupted  the  development 
of  the  root  naturally  shares  in  this,  and  we  may  say  generally  that  the 
development  of  the  root  precedes  in  time  the  epigeous  parts,  a  fact  which 
is  easily  observable  in  most  seedlings,  and  the  biological  significance  of 
which  requires  no  explanation.  The  periodicity  of  root-development  is 
very  sharply  marked  in  bulbous  and  tuberous  plants,  because  in  them  the 
formation  of  the  root  is  limited  to  a  very  short  period.  Supposing  that 
the  moisture  and  other  conditions  are  favourable  the  development  of  the 
roots  takes  place  in  Ranunculus  Ficaria  at  the  end  of  June,  in  the  bulbs  of 
Fritillaria  imperialis  in  August,  whilst  the  majority  of  other  bulbous  plants 
develop  their  roots  commonly  in  the  autumn  before  the  bud  begins  to 


'  See  Rimbach,  Beitiilge  znr  Physiologie  der  Wurzeln,  in  Berichte  der  deutschen  botanischen 
Oesellschaft,  xvii  (i^),  p.  28.  ^  See  p.  27a. 

COEBEL    II  \J 
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shoot.  Tulipa  sylvestris,  for  example  ^,  forms  in  September  twenty  to  thirty 
thread-like  roots  without  root-hairs,  and  these  die  in  June  as  well  as  the 
epigeous  parts.  A  longer  duration  of  the  roots  in  bulbous  plants  may^ 
however,  take  place ;  for  example  in  Leucojum  vemum,  which  inhabits 
moist  places,  the  roots  live  from  two  to  three  years.  Roots  which  have 
different  functions  in  these  bulbous  and  tuberous  plants  develop  at  different 
times*.  Thus  the  nutritive  roots  of  Crocus  longiflorus  (Fig.  184, 1)  arise  in 
the  autumn,  the  pull-roots  in  the  spring  when  the  new  tuber  is  ready. 

In  trees  ^  we  csui  as  a  rule  distinguish  two  periods  of  development  of 
roots,  one  in  autumn,  the  other  in  spring  before  the  shooting  out  of  the 
leaves.  These  periods  are  separated  by  the  winter's  rest,  which  is  here  not,, 
as  in  the  case  of  the  shoots,  a  resting  period  caused  directly  by  external 
factors,  but  must  be  regarded  as  only  a  retardation  caused  by  the  sinking 
of  the  temperature.  In  a  mild  winter  development  and  growth  of  the 
roots  takes  place  in  the  winter.  In  Tilia  europaea,  for  example,  a  copious 
formation  of  the  root-system  occurs  in  August,  September,  and  October, 
and  this  the  cold  interrupts.  In  one  special  case  in  a  mild  winter  the  new 
roots  were  formed  again  in  December ;  the  period  of  greatest  growth  fell 
in  April  before  the  shooting  out  of  the  buds.  All  trees  do  not,  however^ 
behave  alike  in  this  respect.  Quercus,  for  example,  has  no  strong  root- 
growth  in  spring.  Its  new  rootlets  only  begin  to  show  in  June,  and  the 
period  of  greatest  growth  falls  in  October.  The  differences,  so  far  as  they 
may  be  considered  constant,  evidently  have  the  closest  connexion  with 
the  whole  economy  of  each  plant.  We  are,  however,  very  incompletely 
acquainted  with  the  co-operation  between  the  several  organs. 


^  See  Rimbach,  Beitrage  zor  Physiologie  der  Wnrzeln,  in  Berichte  der  deutidien  botanischen 
GeseWschaft,  xvil  (1899),  p.  38.  '  See  p.  270. 

'  See  Resa,  Ober  die  Periode  der  Warzelbildnng.    Inang.  Dissertation,  Bonn,  1877. 
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THE     SHOOT 

The  general  features  of  shoot-formation  have  been  described  already  ^. 
The  conformation  of  the  leaves  is  in  most  cases  so  important  for  the  con- 
figuration of  the  shoot,  that  it  appears  advisable  first  of  all  to  speak  of  the 
leaves  and  then  to  pass  on  to  consider  the  different  forms  of  the  shoot. 

A.     THE  LEAF 


INTRODUCTION 

The  characteristics  of  leaves  have  been  already  described  ^,  and  it  has 
been  shown  *  also  that  in  the  Bryophyta,  starting  from  leafless  forms,  the  for- 
mation of  leaves  has  been  frequently  repeated  along  different  paths.  We  do 
not  know  how  the  formation  of  leaves  in  the  Pteridophyta  and  Spermo- 
phyta  has  phyletically  come  about.  The  leaves  in  these  groups  have  nothing 
whatever  to  do  with  the  formation  of  the  leaves  in  the  Musci,  for  there  the 
leaves  belong  to  the  sexual  generation,  and  we  have  no  room  here  to  discuss 
the  purely  hypothetic  view  which  derives  the  leafy  plant  of  the  Pteri- 
dophyta and  Spermophyta  from  the  sporogonium  of  a  moss.  The  recently 
repeated  attempts  also  which  have  been  made  to  explain  the  leaves  of  ferns 
as  shoots  are  based  upon  entirely  false  suppositions,  and  have  no  longer  even 
a  historical  interest,  and  therefore  we  shall  say  nothing  about  them. 

That  the  chlorophyllous  assimilating  foliage-leaf,  whose  capacity  alone 
renders  possible  further  development  in  the  autotrophic  plants,  is  the  leaf- 
form  out  of  which  the  others  have  been  derived  by  change  of  functiont 
follows  from  what  has  been  already  said  *.  Moreover  there  is  scarcely  one 
foliage- leaf  which  has  not  some  other  function  in  addition  to  assimilation. 
Apart  from  transpiration,  we  may  point  out  the  importance  of  the  leaves  as 
protective  organs  to  the  buds,  whether  these  be  terminal  or  axillary — a  work 
which  is  sometimes  taken  up  by  different  parts  of  the  leaf.  In  Aristolochia 
Sipho,  for  example,  the  leaf-lamina  is  folded  about  the  end-bud,  the  leaf- 
base  encloses  the  axillary  buds.  Analogous  relationships  are  found  in  other 
plants  with  small  leaves  placed  in  many  rows. 


^  See  Fart  I,  section  I,  chap,  ii  ^  See  Part  I,  p.  13. 

'  See  p.  35.  *  See  Part  I,  p.  6. 
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No  organ  of  the  plant-body  appears  in  so  many  forms  as  does  the  leaf, 
and  this  is  so  because  the  rehitionships  of  the  leaf  to  the  outer  world  are 
by  far  the  most  manifold.  In  correspondence  with  this  there  are  great 
differences  in  the  anatotnie  and  symmetric  construction  of  the  leaf. 

ANATOMIC  CONSTRUCTION. 
Vascular  Bundles.    We  must  specially  mention  the  behaviour  of  the 
vascular  bundle^  as  it  has  been  used  partly  for  solution  of  the  question 
whether  the  organ  is  a  leaf  or  not. 

The  majority  of  leaves  are  traversed  by  one  or  many  vascular  bundles  which 
are  often  copiously  branched,  and  are  arranged,  as  will  be  shown  hereafter*,  in 
definite  relation  to  the  growth  of  the  leaves,  whose  function  we  must  suppose  to  be 
known.  There  are,  however,  leaves  without  vascular  bundles,  and  this  simplifi- 
cation of  structure  must  be  regarded  as  a  reduction.  Leaving  out  of  consideration 
the  numerous  cases  in  which  the  primordium  of  the  leaf  remains  stationary  at  an 
early  period  of  its  development  and  differentiation ',  as  well  as  those  of  the  outer 
bud-scales  of  many  plants  which  show  a  rudimentary  primordium  of  a  vascular 
bundle,  we  find  leaves  without  vascular  bundles  in  the  bracts  of  the  flower  of 
Utricularia  orbiculata*;  in  the  scale-leaves  on  the  rhizome  of  the  saprophytic 
orchid  Epipogon  Gmelini  where  there  is  no  chlorophyll,  and  according  to  Schacht  * 
the  leaves  consist  of  three  cell-layers,  possess  neither  vascular  bundle  nor  stomata, 
serve  only  as  protective  organs  of  the  vegetative  point,  and  have  evidently  only 
a  short  existence ;  in  the  scale-like  leaves  also  of  the  parasitic  Cuscuta  there  is  only 
a  trace  of  vascular  bundles,  and  simihr  cases  can  readily  be  found  in  other 
saprophytes  and  parasites  °. 

That  leaf-structures  without  vascular  bundles  occur  in  the  flower-region  should 
not  surprise  us.  Thus  they  are  wanting,  for  example,  in  the  sepals  of  Gaiadendron 
punctatum  (Loranthaceae),  the  stamens  of  some  Arceuthobiaceae,  the  carpels  of 
Balanophoreae.  In  all  these  cases  we  have  to  deal  with  a  small  delicate  leaf- 
structure  whose  differentiation  is  correspondingly  simplified. 

Hymenophyllaceae  furnish  also  a  striking  proof  of  this.  The  small  sterile 
leaves  of  Trichomanes  Motleyi  •  have  no  trace  of  a  vascular  bundle  in  their  leaf- 
nerves,  the  reduction  of  the  conducting  channels  for  water  being  possible  here 
because  the  leaves  can  take  up  water  directly  from  the  outside,  as  is  the  case 


*  Sec  p.  338.  *  Not  proceeding  beyond  the  stage  of  a  papilla. 

'  Goebel,  Morphologische  and  biologische  Studien :  V.  Utricolaria,  in  Annales  da  Jardin  botaniqae 
dc  Baitenzorg,  ix  (1891),  p.  55. 

*  Schacht,  Beitrage  vox  Anatomie  and  Physiologic  der  Gewachse,  Berlin,  1854,  p.  115. 

'  It  appears  to  me  not  saperflaoas  to  refer  to  these  details  here,  although  they  are  mentioned  in 
Vcrgleichende  Entwicklangsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der  Botanik,  ill 
(1884).  Van  Tieghem,  Sor  Tezistencc  de  feuilles  sans  m^ristiles  dans  la  fleur  de  certaines  Fhan^o- 
games,  in  Revae  de  botaniqae,  viii  (1896),  p.  483,  has  asserted :  '  Happily  sach  roots,  stems,  or  leaves 
[that  is  without  vascular  bundles]  have  not  yet  been  met  with  in  the  vegetative  apparatus  of 
Phanerogams.' 

*  G.  Karsten,  Morphologische  and  biologische  Untcrsuchungen  iiber  einigc  Epiphytenformen  der 
Molakken,  in  Annales  da  Jardin  botaniquc  dc  Baitenzorg,  xii  (1895),  p.  135. 
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amongst  Musci.  The  fertile  leaves,  however,  have  in  the  leaf-nerves  a  bundle 
provided  with  tracheids — usually  only  with  one. 

Similarly  the  water-channels  in'  the  submerged  Ceratophyllum  are  entirely 
reduced. 

The  same  holds  for  the  leaves  of  the  podostemaceous  Temiola  longipes, 
Tristicha  tri£uia,  and  Tr.  hypnoides\  Weddellina  squamulosa  has  leaves  upon 
the  lateral  twigs,  in  which  all  trace  of  even  the  most  rudimentary  vascular  bundle  is 
wanting. 

The  possession  of  vascular  bimdles  cannot  therefore  be  considered  as 
a  general  feature  of  the  leaves  in  Pteridophyta  and  Spermophyta. 

Oblcxrenohyma.  The  formation  of  chlorophyllous  leaf-tissue  is  in  the 
same  portion.  As  will  be  shown  briefly  in  the  following  pages,  chlor- 
enchyma  is  extremely  variable  as  a  tissue  in  the  leaves  themselves,  and  is 
found  also  in  phylloclades,  which  are  shoot -axes,  in  the  same  state  as  has 
been  considered  to  be  typical  of  the  leaves. 

SYMMETRY  OF  CONSTRUCTION. 
We  are  accustomed  to  consider  as  typical  leaves  those  which  are  dorsi^ 
ventral  (biiacial),  and  which  possess  usually  a  leaf-lamina  in  the  form  of 
a  thin  plate  of  tissue.  Had  botany  started  in  West  Australia  instead  of  in 
Europe,  this  leaf-form  would  have  been  considered  as  a  not  altc^ether  rare> 
but  yet  by  no  means  typical  form. 

LEAF-FORM   IN   AUSTRALIA. 

Radial  and  bilateral  leaves  are  very  common  in  Australia,  and  are 
found  in  the  most  different  families,  and  there  are  also  transitions  between 
dorsiventral  and  bilateral  leaves^.  The  bilateral  leaves  are  usually  not 
spread  out  horizontally  like  dorsiventral  ones  ;  much  more  commonly  they 
adopt  a  *  profile-position '  like  the  sickle-leaves  of  the  Eucalypti,  the  phyl- 
lodes  of  the  Acaciae,  the  leaves  of  many  Proteaceae,  or  possess  entirely  or 
nearly  vertically  placed  surfaces,  or  diverge  in  their  form  from  the  usual. 

Cylindric  leaves  are  not  uncommon.  Fig.  192  represents  a  twig  of 
Hakea  trifurcata,  one  of  the  Proteaceae,  which  at  the  beginning  of  the  vege- 
tative period  produces  simple  flat  leaves,  but  the  leaves  which  are  produced 
later  on  are  branched,  and  have  nearly  a  circular  outline  on  transverse 
section  '. 

'Wit  flat  leaves  have  the  upper  and  under  sides  essentially  differently 
constructed,  but  they  are  less  strongly  protected  against  loss  of  water. 


*  See  Goebel,  Pflanzenbiologische  Schildenmgcn,  ii  (1893),  p.  340,  where  there  are  figures. 

'  See  the  &cts  stated  by  Reinke,  Untersuchnngen  iiber  die  Assimilationsorgane  der  Legnminoseen,  in 
PriDg8heim*8  Jahrbiicher,  xxx  (1897). 

'  The  palisade-parenchyma  here  goes  entirely  round  the  leaf,  bat  is  intermpted  by  many  rod- 
cells  ;  it  is  also  characterized  by  smaller  cells  for  a  short  distance  npon  the  under  side,  and  thereby 
there  is  always  a  slight  difference  visible  between  the  upper  and  under  side. 
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Their  epidermis  is  not  so  thick  as  in  the  cylindric  leaves,  and  the  stomata 
are  not  sunk  in  pits.  The  surface  which  is  exposed  to  light  in  the  hori- 
zontal leaves  is  larger  than  the  whole  surface  of  the  cylindric  branched 
leaves.     It  is  well  known,  however,  that  light  increases  transpiration. 

Whilst  I  have  not  observed  in  Hakea  trifurcata  any  transition  between 
entire  and  divided  leaves,  such  gradations  are  found  in  abundance  in  other 
species  of  Hakea,  for  example  H.  pectinata.  It  is  not  possible,  however,  to 
bring  all  the  manifold  leaf-forms  of  the  Proteaceae  severally  into  relation- 
ship with  their  life-conditions ;  to  do  this  would  require  not  only  full  know- 
ledge of  the  conditions 
of  life,  but  also  of  the 
whole  organization  of 
the  plants  in  question. 
Under  the  same  ex- 
ternal conditions  the 
leaf  of  one  plant,  which 
through  the  activity  of 
its  root-system  obtains 
less  water,  maybe  xero- 
philous,  that  of  another, 
which  through  the 
activity  of  its  similar 
organs  receives  more 
water,  is  not  xerophi- 
lous.  I  specially  draw 
attention  to  this  because 
in  recent  times  ques- 
tions    of    adaptations 

Lower  leavestixnplc  flat;  upper  leaves      haVe     bcCU     frequently 

treated  in  a  one-sided 
manner  on  the  basis  of  an  investigation  of  a  single  organ. 


Fig.  loa.   Hakea  trifurcata,  R-Br. 
branched  cylindric. 


LEAF-FORM    IN   EUROPE. 

In  Europe  comparatively  few  plants  possess  bilateral  or  radial  leaves. 

Amongst  plants  with  bilateral  ones^  however,  we  must  notice  the  so- 
called  '  compass-plants  ^'  which  bring  their  leaves,  which  have  a  similar  leaf- 
construction  on  both  sides,  into  the  profile-position  under  intense  insolation, 
and  also  a  number  of  marsh-plants — the  sword-like  leaves  of  Iris,  whose 
different  species,  but  by  no  means  all,  live  in  wet  places,  and  those  of  Acorus 


^  See  Stahl,  Uber  sogenannte  Kompasspflanzen,  in  Jeoaische  Zeitschrift  fiir  Natnrwissenschaiten, 
XY  (i88z)  ;  Heinricher,  Uber  isolateralen  Blattbaa  mit  besonderer  Beriicksichtignog  der  europaischen, 
spedell  der  deutschen  Flora,  in  Pringsheim's  Jahrbiicher,  xv  (1884).  Further  literature  is  cited  by 
Haberlandt,  Physiologische  Pflanzenanatomie,  ed.  2,  Leipzig,  1896,  p.  260. 
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Calamus,  have  markedly  from  the  outset  a  profile-position  ^ ;  in  Typha 
this  position  is  attained  by  a  slight  torsion  of  the  blade. 

Amongst  plants  with  radial  leaves  we  have  our  species  of  Juncus,  in 
which  the  leaf  has  a  circular  transverse  section,  and  internally  is  a  tubular 
leaf,  that  is  to  say,  it  contains  numerous  air-canals  which  conduct  oxygen  to 
the  subterranean  parts.  It  is  clear  that  such  leaves,  which  we  only  meet 
with  in  plants  growing  in  the  light  and  therefore  freely  exposed  to  the 
wind  and  rain,  offer  a  very  small  surface  to  mechanical 
influences.  The  leaf-form  of  Juncus  finds  a  parallel  in 
the  cylindric  leaves  of  Pilularia  which  too  grows  in  moist 
places,  and  in  those  of  Crantzia  and  Ottoa  two  genera  of 
Umbelliferae  in  which  the  leaves  are  quite  like  those  of 
the  species  of  Juncus  that  are  partitioned  by  diaphragms. 
In  these  Umbelliferae  probably  we  have  to  do  with  a 
leaf-form  which  has  arisen  by  reduction  from  compound 
leaves.  In  an  investigation  of  Crantzia  linearis  (Fig. 
193),  a  plant  which  I  collected  in  New  Zealand,  I  noticed 
on  the  young  leaves  the  primordia  of  lateral  organs  which 
one  might  indeed  consider  as  arrested  pinnules,  although 
they  only  appeared  to  be  in  one  row,  and  not,  as  one 
would  expect,  in  two  rows.  The  features  of  Oenanthe 
fistulosa  support  this  conclusion.  On  its  tube-like  leaf- 
spindle  the  leaflets  appear  in  reduced  form.  In  Ottoa  ^ 
I  found  at  the  end  of  the  leaves  only  a  small  depression 
or  flattening  which  perhaps  corresponds  to  the  remains 
of  a  rudimentary  blade. 

In  the  same  biological  category  I  would  also  place 
the  leaves  of  some  species  of  Eryngium  which  are  so  like 
those  of  Monocotyledones.  They  are  not  phyllodes,  as 
is  shown  by  the  transition-forms  and  by  the  history  of 
development,  but  consist  of  leaves  whose  blade  has 
become  greatly  elongated,  whilst  there  has  been  reduction 
or  suppression  of  the  leaflets  and  of  the  leaf-stalk.  I 
find  in  species  of  Eryngium,  for  instance  E.  bromeliae- 
folium,  E.  pandanifoHum,  and  others,  which  are  such  beautiful  marsh-plants, 
that  the  narrow  grass-like  leaves  undergo  the  torsion  of  the  blade  that  is 
characteristic  of  Typha  and  Sparganium,  and  thereby  they  take  up  the 
profile-position.  By  this  means  they  are  protected  from  great  transpiration 
as  fitly  as  a  number  of  marsh-plants  are  by  their  xerophilous  character  ^ 
We  need  not  be  surprised  that  in  those  plants,  growing  as  they  do  in 
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FlO.  193.  Crantzia 
linearis.  Vonng  leaf. 
At  the  base,  the  narrow 
slit  of  the  open  vagina. 
Abovej  the  dotted  trans- 
verse lines  indicate  the 
diaphragms,  and  the 
series  of  papillae  are 
probably  arrested  pri- 
inordia  of  leaf-pinntues. 
Magnified  aboat  20. 


>  See  p.  32S. 

*  Goebel,  Pflanzenbiologiscbe  Schildenmgen,  ii  (1893),  p.  45. 

'  See  what  is  said  later,  p.  447,  about  the  shoot-formation  of  some  Cyperaceae  and  Restiaceae. 
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positions  openly  exposed  to  the  wind,  the  earlier  differentiation  of  the 
leaf-blade  has  been  lost,  and  the  torsion  of  the  leaf-blade  is  of  advantage 
from  a  mechanical  point  of  view. 

We  are  justified  by  the  facts  which  have  just  been  stated  in  saying  that 
in  the  ordinary  plagiotropous  leaves  their  dorsiventral  construction  is  caused 
by  their  lie,  although  so  far  as  we  know  it  has  become  usually  an  inherited 
character ;  and  in  support  of  this  it  may  ako  be  pointed  out  that  a  similar 
dorsiventral  construction  is  marked  in  shoot-axes  and  roots  which  have 
become  leaf-like.  The  behaviour  of  a  number  of  scale-like  leaves  bears  also 
upon  the  causal  relationship  of  lie  to  leaf-structure.  In  the  xerophilous  Com* 
positae  Lepidophyllum  quadrangulare  and  Phoenocoma  prolifera  ^  the  leaves 
lie  with  their  upper  side  closely  pressed  against  the  axis  of  the  shoot ;  the 
under  side,  which  is  turned  outwards,  is  the  most  important  for  assimilation, 
and  it  has  palisade-parenchyma,  whilst  the  upper  side  has  spongy  paren- 
chyma. We  thus  have  the  normal  conditions  of  leaf-structure  reversed. 
As  here  a  change  of  the  anatomical  structure  has  come  about  in  connexion 
with  the  change  from  the  usual  lie,  it  follows  that  the  dorsiventral  differen- 
tiation in  the  ordinary  leaf  was  originally  caused  by  the  lie. 

INVERSION   OF   THE   LEAF. 

The  cases  just  mentioned  lead  us  on  to  speak  of  the  special  pheno- 
menon that  in  some  plants  the  morphologically  upper  side  of  the  leaf  has 
the  structure  of  the  under  side,  and  the  reverse  is  also  the  case.  In  plants 
which  exhibit  this,  a  torsion  takes  place  after  the  unfolding  of  the  leaves 
which  brings  the  anatomically  upper  side  upwards,  and  the  anatomically 
under  side  downwards.  A  number  of  Monocotyledones  show  this,  for 
example  Alstroemeria  *,  Allium  ursinum,  Pharus  brasiliensis,  and  some 
other  grasses.  Amongst  Dicotyledones  analogous  cases  are  found,  for 
instance,  in  the  composite  genus  Metalesia,  and  in  Stylidium. 

A.  Monocotyledones. 
Pharus  brasiliensis.  In  this  plant  I  find  the  following.  The  morpho- 
logically upper  side  of  the  leaf  is  brighter  green  than  is  the  under  side.  This 
comes  about  in  this  way :  the  epidermal  cells  of  the  upper  side  are  higher  than 
those  of  the  under  side,  and  the  chlorophyllous  cells,  which  in  the  greenhouse- 
plant  I  examined  were  in  two  layers,  one  under  the  upper  side  and  one  under  the 
lower  side,  are  higher  upon  the  under  side  than  upon  the  upper  side.     The  upper 


^  See  Goebel,  Pflanzenbiologische  Schildenmgen,  ii  (i  893),  p.  33,  Plate  XXIir,  Fig.  1 2.  Passerina 
hirsuta,  one  of  the  Thymelaeaceae,  resembles  those  Compositae.  Oo  the  seedling-plant  the  decnssate^ 
leaves  have  essentially  the  ordinary  stracture,  but  later,  where  the  alternate  leaf-position  occurs,  the 
leaves  stand  pressed  to  the  stem,  and  upon  the  very  hairy  apper  side  there  is  spongy  parenchyma 
and  stomata,  whilst  the  under  side  does  not  possess  these  but  has  palisade-parenchyma.  See  Camel, 
Struttura  delle  fogUe  della  Passerina  hirsuta,  in  Nuovo  giomale  botanico  italiano,  i  (1869),  p.  194. 

*  Czapek,  Studien  iiber  die  Wirkung  ausserer  Reizkrafte  anf  die  Pflanzengestalt,  i,  in  Flora^ 
Ixzxv  (1898),  p.  429.    The  literature  is  cited  here. 
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side  is  by  a  torsion  of  the  leaf-base  directed  downwards.     In  the  leaf  standing 
immediately  below  the  inflorescence  the  torsion  is  only  through  90^ 

Alstroemeria.  Czapek '  has  carefully  examined  the  process  in  Alstroemeria. 
The  leaves  after  the  first  ones  submit  as  they  unfold  to  a  torsion,  through  180° 
(Fig.  194)  which  may  take  place,  although  tardily,  in  darkness.  Czapek  comes  to 
the  same  conclusion  regarding  the  origin  of  this  peculiar  inversion  of  the  leaf- 
surfaces  as  I  have  done.  He  holds  that  the  inverted  leaves  of  Alstroemeria  have 
arisen  in  the  course  of  the  phyletic  development  of  the  genus  out  of  leaves  which 
first  of  all  took  up  a  profile-position,  apd  in  consequence  of  this  had  a  similar 
construction  on  both  sides.  Such  leaves  occur  in  some  species  of  Alstroemeria^ 
and  in  species  also  which  have  leaves  exhibiting  torsion  the 
first  leaves  of  the  shoot  have  a  profile-position '.  This  profile- 
position  which  has  to  be  regarded  as  a  protection  against  in- 
tense insolation  and  transpiration,  was  changed  again  under 
altered  external  conditions  into  a  horizontal  position,  not 
by  a  reversion  of  the  torsion  through  90°,  but  by  a  further 
torsion  through  90^,  and  thus  the  leaf  came  to  have  an  in- 
verted dorsiventral  construction  in  correspondence  with  its 
changed  lie.  I  think,  however,  it  is  probable  that  the  inversion 
of  the  leaf-surface  took  place  in  different  ways  in  different 
groups. 

Melica  nntans.  Among  endemic  grasses  Melica  nutans 
shows  inversion  of  the  leaf-lamina*.  The  basal  leaves  show  no 
torsion  usually,  and  turn  therefore  the  brighter  green  upper  side 
upwards.  On  the  leaves  which  stand  higher  up  on  the  shoot 
the  lamina  becomes  either  vertical  with  a  bending  over  of  its 
upper  part  or  it  undergoes  a  torsion  whereby  the  under  side 
is  brought  upwards.  As  now  xerophilous  forms  such  as  Melica  ciliata  are  found 
with  rolled  leaves,  we  may  suppose  that  the  changes  proceeded  as  follows: — 
Starting  from  a  leaf  having  the  ordinary  lie,  there  followed  first  of  all  either  an 
erect  leaf  lying  against  the  haulm  or  a  rolled  leaf  whose  under  side  took  on  the 
structure  of  the  upper  side  ^  as  in  the  scale-leaves  mentioned  above.  If  such  forms 
again  adapt  themselves  to  moister  conditions  the  structural  changes  which  have 
been  induced  cannot  be  made  to  revert  The  leaf  indeed  becomes  again  hori- 
zontal, and  exhibits  now  the  movements  which  result  in  its  lie  as  described 
above.  That  the  lower  smaller  leaves  which  are  situated  in  a  moister  environ- 
ment do  not  share  in  this,  is  from  the  biological  standpoint  readily  understood. 

Stahl  *  has  advanced  another  explanation  which  does  not  appear  to  me  to  be 
a  fertile  one,  and  he  has  given  no  experimental  proof.    He  finds  in  the  inversion 


Fig.  194. ,  Alstroe- 
meria psittacina.  Leaf. 
Torsion  of  the  stalk- 
like lower  portion 
through  i8o  inverts 
the  lamina.  Natural 
mse. 


^  See  Czapek,  Studien  Uber  die  Wlrkung  aasserer  Reizkrafte  anf  die  Pflanzengestalt^  i,  in  Flora, 
Ixxxv  (1898),  p.  429. 

'  With  reference  to  their  behaviour  on  the  clinostat,  see  Czapek,  op.  dt. 

'  The  stomata  are  found  only  upon  the  upper  side  which  bears  also  hairs.  The  'unfolding  cells  * 
lie  as  usual  upon  the  upper  side. 

*  Especially  limitation  of  the  stomata  to  the  upper  side,  as  this  is  the  rule  in  this  kind  of  leaC 

'  Stahl,  Regenfall  und  Blattgestalt,  in  Annales  du  Jardin  botaniquede  Buitenzorg,  xi  (1893),  p.151. 


Digitized  by 


Goo^^ 


398  LEAF  DIFFERENTIATION,  PTERIDOPHYTA  AND  SPERMOPHYTA 

of  the  leaf-lamina  *a  means  for  lessening  the  effect  of  the  impact  of  rain.*  The 
leaf-blade  according  to  him  is  made  less  stiff  by  the  torsion.  But  the  plants  in 
question,  at  least  our  endemic  ones^  do  not  grow  under  conditions  which  would 
render  a  special  protection  against  raindrops  as  of  much  importance,  and  the 
leaves  are  by  their  conformation  no  more  set  out  for  protection  against  raindrops 
than  are  those  of  other  monocotylous  plants  growing  in  the  same  locality,  for 
example  Convallaria  majalis.  The  leaf-lamina  of  Melica  nutans  is  moreover  no 
broader  than  that  of  many  other  grasses  with  leaves  which  are  not  inverted. 
Pharus  brasiliensis  possesses  a  stalk-like  narrowed  portion  of  the  leaf-surface  which 
can  throw  off  the  raindrops  from  the  leaf  without  any  inversion  of  it  We  find 
further  in  other  grasses  that  the  leaf-blade  is  often  only  vertical  or,  as  is  often  the 
case  in  Brachypodium  pinnatuny  is  only  twisted  in  its  upper  part  According  to 
Stahl's  hypothesis  it  would  be  difficult  to  understand  how  these  leaves  can  change 
their  structure.  That  in  Alstroemeria,  for  example,  the  flat  leaf-stalk,  which  is 
nothing  else  than  the  lower  narrowed  portion  of  the  blade,  should  attain  by  the 
torsion  a  greater  mechanical  capacity  cannot  be  denied. 

B.     DiCOTYLEDONES. 

Among  Dicotyledones,  apart  from  the  above-mentioned  Compositae, 
I  know  of  a  torsion  of  the  leaves  only  in  some  Australian  species  of 
Stylidium — S.  pilosum  and  S.  reduplicatum  ^. 

Sfylidium.  The  stomata  here  lie  upon  the  morphologically  upper  side,  the 
lower  side  is  covered  by  a  many-layered  thick-walled  epidermis,  a  construction 
which  is  favourable  to  the  protection  of  the  bud.  After  unfolding  a  torsion  takes 
place  somewhat  early  in  S.  reduplicatum,  later  in  S.  pilosum.  There  are  species 
of  Stylidium  with  bilateral  as  well  as  with  rolled  leaves,  and  the  explanation 
advanced  above  for  the  grasses  would  appear  here  also  to  be  the  most  natural. 
Stahl's  hypothesis  is  evidently  inapplicable  to  this  case. 

II 

OUTER  DIFFERENTIATION   OF  THE   LEAF 

The  configuration  of  small  scale-like  leaves  is  very  simple;  the  leaf 
exhibits  no  segmentation,  and  there  may  be  only  a  leaf-surface.  Usually, 
however,  we  find  the  leaf  is  composed  of  a  leaf -blade — the  lamina,  a  leaf- 
stalk — the  petiole,  and  a  leaf-base.  In  the  leaf  of  Juncus  there  is  only  the 
cylindric  leaf-lamina  and  the  short  sheath-like  leaf-base  which  serves  as 
a  protection  to  the  bud. 

The  Leaf-base. 

In  Monocotyledones,  such  as  grasses,  which  have  a  long  persistent 
intercalary  growth  of  their  internodes,  the  leaf-base  is  developed  into  a 
long  sheath  investing  the  intemode  of  the  shoot-axis,  and  giving  the 


Bums,  Beitriigc  zur  Kenntniss  der  Stylidiaceen,  in  Flora,  Ixxxvii  (1900),  p.  337. 
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necessary  support  to  the  still  soft  plastic  tissue  of  the  internode  which  has 
not  yet  grown  out.  In  Dicotyledones  also  we  find  the  leaf-base  is  the 
more  developed  the  more  it  has  a  protective  function.  We  may  recall  here 
the  massive  development  of  the  leaf-sheath  which  covers  the  dense  inflor- 
escence-buds  of  such  Umbelliferae  as  species  of  Archangelica,  Heracleum, 
and  others  which  possess  large  umbels.  When  hypsophylls  and  stipules  are 
described  this  subject  will  be  referred  to  again.  In  this  place  I  shall  only 
mention  one  case  which  shows  an  apparent  exception. 

Leuoojnm.  NaroiBsus.  The  leaves  of  Leucojum,  Narcissus,  and 
other  like  genera  have  a  closed  leaf-sheath,  that  is  to  say,  it  completely 
surrounds  the  shoot-axis  ;  only  the  leaf  in  whose  axil  the  flower  develops 
possesses  an  open  one — a  behaviour  quite  different  from  that  which  one  would 
expect.  Any  transverse  section  of  a  bulb  (Fig. 
195),  however,  shows  that  the  construction  of 
the  foliage-leaf,  which  is  axillant  to  a  flower, 
is  conditioned  by  considerations  of  space.  The 
bulb  consists  of  leaves  which  are  packed  ex- 
tremely closely  one  upon  the  other.  In  order 
to  provide  room  for  the  flower-bud,  the  base 
of  its  axillant  leaf  is  not  amplexicaul ;  if,  how- 
ever, no  flower-bud  comes  to  development,  then 
the  leaf  forms  a  closed  sheath.  Between  the 
formation  of  the  axillary  bud  and  this  diverse 
conformation  of  its  axillant  leaf  ^  there  is  evidently 
a  causal  connexion.  Whether  it  \s  caused  only  by  a  mechanical  relation- 
ship of  space  *,  or  in  other  ways,  can  only  be  settled  by  experiments,  but 
the  processes  which  go  on  inside  the  bulb  are  very  difficult  to  test. 


Fig.  195.  Narcissus  poeticas. 
Balb  in  transverse  section;  /«  axis 
of  inflorescence }  E^  axillant  leaf  of 
inflorescence-axis  having  an  open 
leaf-base.    Magnified  2. 


The  Leaf-stalk. 

The  leaf 'Stalk  is  an  arrangement  for  bringing  the  leaf  into  the  most 
favourable  lie  in  regard  to  light,  besides  it  enables  the  leaf-lamina  to  lessen 
the  effect  of  the  impact  of  wind  and  rain.  The  function  which  in  many 
plants  is  assigned  to  the  cushion,  which  is  formed  at  the  base  of  the  leaflets,  is 
so  fully  treated  of  in  physiological  textbooks,  that  I  may  pass  over  it  here. 

The  origin  of  the  leaf-stalk  out  of  the  basal  portion  of  the  leaf-lamina, 
by  the  narrowing  of  its  surface-development,  is  easily  followed  in  mono- 
cotylous  plants. 

A  leaf-stalk  is  a  feature  in  only  a  few  families  of  Monocotyledones — 
Palmae,  Aroideae,  Scitamineae,  and  Dioscoreaceae.     In  other  families  it 


'  Otherwise  developed  as  a  foliage-leaf. 

^  In  that  the  early  development  of  the  axillary  bud  hinders  the  primordium  of  the  axillant  leaf 
from  developing  itself  round  about  the  shoot-axis. 
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occurs  only  in  individual  forms.  In  not  a  few,  however,  we  can  recognize 
that  the  base  of  the  lamina  is  differently  organized  from  its  upper  part,  and 
in  many  grasses  this  is  strikingly  seen,  for  the  ear-like  base  of  the  lamina 
evidently  offers  stronger  mechanical  resistance  than  it  would  do  were  it 
flat  ^,  and  its  anatomical  construction  also  appears  to  be  different. 

Xerotes  longifolia.  In  Xerotes  longifolia,  one  of  the  Liliaceae,  the 
lower  portion  of  the  leaf-lamina  is  bent  into  the  form  of  a  channel  (Fig. 
196,  4,  5),  the  upper  portion  is  flat.  In  this  way  there  arises  a  kind  of  stalk 
without  the  form-change  essential  to  the  stalk,  and  it  is  easy  to  satisfy 
oneself  that  this  stalk-like  portion  is  stiffer  than  the  upper  portion  of  leaf- 
lamina  to  which  it  serves  as  a  stalk. 

Phorminm  tenaz.  The  leaves  of  Phormium  tenax  and  other  species  of 
the  genus  have  a  much  nearer  approach  to  the  formation  of  leaf-stalk  (Fig. 

196,1-3).  The  lamina  is  in  the 
upper  portion  flat,  lower  down 
it  is  narrowed  and  retains  as 
a  stiffening  aid  a  keel-like  pro- 
jection (Fig.  196,  a,  F)^  which 
is  scarcely  visible  in  the  upper 
part  (Fig.  196,  i,  F\  and  in  the 

FlO.  .06.  1-3.  Phormiom  tenw.  4,  5,  Xerote.  longifolia.  POrtion  of  the  leaf  close  tO  the 
Leaves  m  transveree  section.  F^  wine-like  growth  on  the  1/kof.Koc^  fTi#^  Ita^I  /4fminflcVii»Q. 
under  aide  of  the  leaf.    Explanatioi  in  the  tcrt.    Natural  siic.         ieat-Dase    tne    Keel    dimimsnes 

again  (Fig.  196,  3,  F). 

Numerous  other  examples  link  on  with  these : — 

In  Alstroemeria'psittacina  (Fig.  194),  Funkia  (Fig.  aao),  and  others,  the 
leaf-stalk  appears  as  the  narrowed  leaf-base,  and  in  correspondence  with  the 
claims  of  greater  mechanical  resistance  is  thicker  than  the  lamina,  and  also> 
has  a  slightly  different  arrangement  of  its  tissue. 

Amongst  Dicotyledones  analogous  examples  may  be  mentioned,  for 
example,  in  species  of  Flantago. 

The  existence  of  a  leaf-stalk  and  the  length  which  it  reaches  has  always 
a  relationship  to  the  structure  and  size  of  the  leaves  ^,  and  also  to  external 
factors.  When  hypsophylls  are  discussed  it  will  be  shown  that  in  many 
plants  the  length  of  the  leaf-stalk  in  the  upper  regions  of  the  stem  is  very 
much  diminished,  and  when  we  consider  the  behaviour  of  the  species  withia 
one  genus,  we  shall  not  infrequently  find  that  those  which  grow  in  shady 
localities  are  provided  with  leaves  having  leaf-stalks,  whilst  those  which 
occur  in  sunny  localities  have  no  leaf-stalks.     The  relationships  of  size,. 


'  In  Bambnsa  the  base  of  the  lamina  is  so  narrowed  that  it  can  easily  twist.  In  Pharos,. 
Anomochloa,  and  others,  there  is  formation  of  a  conspicnons  stalk. 

*  A  very  thick  leathety  leaf  of  a  considerable  size  can  do  without  a  stalk  better  than  a  soft  one,, 
for  example  in  Coccoloba  pubescens. 
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however,  must  always  be  borne  in  mind  ;  a  small  leaf  can  do  without  a  leaf- 
stalk better  than  a  large  one — compare  for  example  Saxifraga  rotundifolia 
and  S.  granulata,  both  of  which  have  stalked  leaves,  with  S.  Aizoon 
and  S.  longifolia  which  have  unstalked  leaves;  or  the  rock-species  of 
Edraianthus,  which  have  unstalked  leaves,  with  Campanula  rotundifolia, 
C.  latifolia,  and  others  which  have  stalked  leaves.  One  must  not  expect 
to  find  here  strong  far-reaching  relationships,  because 
that  unknown  quantity  —  the  *  specific  constitu- 
tion ' — always  enters  into  the  problem.  Aposeris 
foetida,  for  example,  although  a  very  marked  shade- 
plant,  has  unstalked  or  very  shortly  stalked  leaves ; 
the  pinnatifid  lamina  is  narrowed  downwards,  and 
one  might  consider  this  lower  portion  of  the  leaf- 
lamina  as  a  kind  of  expanded  stalk,  but  in  general  it 
appears  to  me  that  the  leaf-stalk  is  'attuned'  to  a 
less  light-intensity  than  is  the  lamina  ^,  as  it  always 
tends  to  elongate  considerably  in  etiolated  plants. 
In  such  etiolated  plants  the  formation  of  a  stalk 
takes  place,  and  the  several  lobes  of  the  lamina  are 
separated  by  the  elongation  of  the  intermediate 
portions,  and  thus  the  leaf  takes  altogether  a  difierent 
habit  (Fig.  197). 

If  now  we  consider  the  leaf-rosettes  of  Trapa 
and  other  plants  which  swim  on  the  surface  of  the 
water,  we  shall  see  that  the  formation  of  leaf-stalk 
in  the  inner  strongly  illuminated  leaves  is  restricted, 
but  in  the  older  ones,  which  are  shaded  by  the 
others,  formation  of  leaf-stalk  is  favoured,  so  that 
the  relationship  of  the  formation  of  leaf-stalk  to 
light  becomes  very  clear. 

In  the  larger  leaf-surfaces  of  land-plants  the 
greater  mechanical  demands  made  upon  the  leaf- 
stalk bring  about  its  stronger  construction,  and  there- 
with comes  a  greater  deviation  from  the  configuration 
of  the  leaf-lamina. 

For  the  view  that  the  leaf-stalk  of  the  leaves  of  Spermophyta  is 
nothing  else  than  a  narrowed  and  greatly  elongated  portion  of  the 
leaf-lamina,  we  have  not  only  the  support  of  the  cases  amongst  the 
Monocotyledones  described  above  and  the  fact  that  the  formation  of 
leaf-stalks  sometimes  also  takes  place  in  the  leaflets  of  a  compound  leaf, 
and  they  then  arise  as  lateral  outgrowths  of  the  leaf-lamina,  but  also  this, 


Fig.  IQ7.  Aposeria  foetida. 
1,  etiolated  leaf  in  which  the 
baaal  part  is  greatly  elon- 
gated, and  the  IcAf  has  oecome 
'stalked'  whilst  the  several 
lobes  of  the  lamina  are  sepa- 
rated. I  If  normal  leaf.  Half 
natural  size. 


Sec  Part  I,  p.  338. 
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that  the  leaf- stalk  attains  its  significant  .thickness,  and  thereby  the  form  by 
which  it  differs  markedly  from  the  lamina  in  most  cases  only  by  the  longer 
duration  of  secondary  cell-divisions  in  its  ground-tissue^.  The  arrai^je- 
ment  of  the  vascular  bundles  in  the  leaf-stalk  is  closely  connected  with  this 
divergent  conformation.  This  point  is  involved  in  the  consideration  of  the 
development  of  the  whole  leaf,  and  will  therefore  be  referred  to  on  a  subse- 
quent page  *. 

Ill 
DEVELOPMENT  OF  THE   LEAF 

A.   HISTORY. 

So  early  as  in  the  pages  of  Malpighi  (i686)"  we  find  some  account  of  the 
history  of  development  of  the  leaf.  After  depicting  in  characteristic  fashion  the 
form-changes  exhibited  by  the  bud-scales  which  follow  one  another  in  an  opening 
bud — the  *  folia  caduca/ — he  examines  the  development  of  the  foliage-leaves — ^the 

*  folia  stabilia.'  He  does  not  distinguish  the  v^etative  point  from  the  youngest 
primordium  of  a  leaf*. 

The  investigations  of  Kaspar  Friedrich  Wolff  (1759)  were  more  far-reaching. 
He  recognized  that  the  leaves  arise  upon  the  projecting  point  of  the  stem  above 
the  youngest  primordium,  and  that  on  this  point  there  is  no  differentiation  of  tissue 
visible.    Here  at  the  vegetative  point",  the  leaves  arise  by  the  exudation  of  the 

*  succus  nutritivus  *  whose  outflow  is  not  restrained  by  the  epidermis  or  rind.  He 
recognized  the  *acropetal'  arrangement  of  the  leaves,  distinguished  between 
primordial  stages  and  stages  of  permanent  construction,  and  knew  further  that 
divided  leaves  arise  through  the  branching  of  originally  simple  primordia.  The 
midrib  according  to  him  appears  first.  Upon  it  there  arises  by  exudation  a  clear 
margin,  the  leaf-lamina,  on  which  then  by  further  exudation  the  foliola  spring. 

The  investigators  who  followed  Wolff  at  a  much  later  time  occupied  them- 
selves primarily  with  the  question  whether  the  growth  of  the  leaf  was  from  above 
downwards,  basipetal,  or  from  below  upwards,  acropetal.  At  first,  however,  no  sharp 
distinction  was  drawn  between  the  different  phases  of  growth  as  they  were  later 
established  by  Sachs,  especially  between  the  embryonal  phase,  in  which  the  tissue 
is  meristic  but  increases  little  in  volume,  and  the  phase  of  elongation.  Amongst 
the  older  works  upon  this  subject — putting  aside  speculation  unsupported  by 


^  See  Deinega,  Beitnige  zur  Kenntniss  der  Entwicklungsgeschichte  des  Blattes  und  der  Anlage  der 
Gefassbiiiidel,  in  Flora,  Ixxxv  (1898),  p.  439. 

'  See  p.  338.  '  Malpighi,  Opera  omnia,  Londini,  1686. 

^  He  sums  np  his  investigations  thus : — '  Naturae  pariter  methodns  in  producendis  stabOibuf  folii^ 
mirabilis  est.  Primo  enim  costula  seu  petiolus,  carinae  instar  hnmore  turgidus  cum  appensis  iibrulis 
manifestatur  e  quibus  probabiliter  sacculorum  seu  utricnlorum  transversalium  membranulae  pendent 
(i.  e.  the  secondary  veins  with  the  leaf-lamina)  ut  in  animalium  primaeva  delineatione  observatnr. 
Patent  autem  deducto  novo  alimento,  quia  complicata  sacculorum  moles,  subintiante  succq»  turget 
et  ita  folii  latitudinem  et  laxitatem  conciliat.'    Malpighi,  op.  dt.,  p.  30. 

*  <  Ne  omni  momento  opus  sit  largam  descriptionem  instituere,  liceat  vocare  haec  loca  generatim 
puncta  vegetationis  vel  superficies  vegetationis.*    K.  F.  Wolfif,  Theoria  generationis,  Halae,  1759. 
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investigation  such  as  that  of  de  Candolle  ^  and  others — we  find  those  of  Steinheil, 
Mercklin,  Schleiden,  Tr^cul,  and  others. 

Steinheil  (1837)*  found  that  the  leaf  grows  from  above  downwards.  The 
point  is  then  the  oldest  part  but  in  the  compound  leaf  the  upper  leaflets  are  the 
youngest 

Schleiden  (1843)'  maintained  that  the  leaf  shoots  out  as  it  were  fh>m  the  axis, 
that  the  point  is  the  oldest,  and  the  base  the  youngest,  and  this  led  to  a  lively 
discussion. 

Mercklin  (1846)*  supported  Schleiden's  view  by  a  series  of  investigations. 

Nageli  (1846)  •  took  up  the  opposite  side,  and  in  order  to  realize  Schleiden's 
idea  of  tracing  the  history  of  the  formation  of  the  leaf  in  that  of  its  single  cells  he 
commenced  his  investigations  mto  the  lower  plants,  the  Algae  and  the  Musd, 
whose  simple  organization  allowed  of  an  examination  of  the  succession  of  cells. 
That  the  leaf  is  here  not  thrust  out  of  the  axis,  but  arises  from  a  single  superflcial 
cell,  showed  Schleiden's  theory,  at  least  for  the  cases  which  had  been  examined, 
to  be  untenable.    Nageli  proved : — 

^(i)  that  the  peripheral  cell-formation,  that  is  to  say  formation  at  the  apex 
and  at  the  margin,  proceeds  from  above  downwards,  and  that  the  base  of  the  leaf 
is  laid  down  first,  the  apex  last. 

*(2)  that  the  intercalary  cell-formation  which  follows  upon  the  peripheral 
cell-formation  ceases  sometimes  first  at  the  base,  sometimes  first  at  the  apex,  some- 
times all  at  once  throughout  the  whole  leaf. 

*  (3)  that  the  elongation  of  the  cells  may  proceed  either  from  above  down- 
wards, or  from  below  upwards,  or  may  take  place  equally  all  over.' 

Amongst  Phanerogamae  the  leaves  of  Utricularia,  Astragalus,  and  Myriophyllum 
were  examined,  and  it  was  shown  that  in  Astragalus  and  Myriophyllum  the  lateral 
leaflets  are  laid  down  in  basipetal  succession.  According  to  this  the  leaf  then 
possesses  originally  an  apical  vegetative  point  (embryonal  tissue),  but  it  may  be  the 
first  to  pass  over  into  permanent  tissue,  whilst  at  the  base  of  the  leaf  cell-formation 
takes  place  freely,  inasmuch  as  the  tissue  there  retains  its  embryonal  character 
(vegetative  point-tissue).  In  a  later  work  upon  Aralia  spinosa'  Nageli  explained  in 
detail  the  leaf-growth  of  the  Phanerogamae. 

Trdcul  (1853)^  by  his  extended  investigations,  although  they  did  not  concern 


*  De  CandoUe,  Organogmphie  v^getale,  i,  Paris,  1854,  p.  354.  and  English  edition  by  Kingdon, 
London,  1841. 

'  Steinheil,  Obserrations  sor  le  mode  d'accroissement  des  feoilles,  in  Annales  des  sciences  natnrelles, 
s^r.  3,  viii  (1837),  p.  389. 

*  Schleiden,  Principles  of  Scientific  Botany,  English  edition  by  Lankester,  London,  1849,  p.  361. 
In  a  special  form  we  find  the  same  thought  expressed  by  Nandin,  R^snm^  de  queiques  observationt 
tor  le  d^reloppement  des  organes  appendiculaires,  in  Annales  des  sciences  natarelles,  s^.  3,  xviii 
(1843),  p.  360. 

*  C.  £.  von  Mercklin,  Zar  Entwickelnngsgeschichte  der  BUttgestalten,  Jena,  1846. 

*  Nageli,  Uber  Wachsthnm  and  Begriff  des  Blattes,  in  Zeitschrift  fiir  wissenschaftliche  Botanik, 
Hefte  3  and  4  (1846),  p.  153. 

*  Nageli,  Wachsthnmsgeschichte  des  Blattes  von  Aralia  spinosa,  in  Pflanzenphysiologische  Unter- 
snchnngen,  i  (1855),  p.  88. 

^  Trtol,  Memoire  sur  la  formation  des  feuilles,  in  Annales  des  sciences  natoreUes,  s^r.  3,  xx 
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this  cell-formation,  brought  to  light  a  large  number  of  valuable  &cts,  of  which  we 
may  note  here  that  the  process  of  leaf-formation  in  different  plants,  even  those  nearly 
allied,  may  be  very  different.  That,  for  example,  the  development  of  the  lateral 
members  takes  place  sometimes  in  acropetal  manner,  sometimes  in  basipetal  manner, 
or  from  the  middle  both  upwards  and  downwards.  His  error  in  considering  that  the 
leaf-sheath  was  the  first  to  arise  was  later  corrected  by  Eichler.  The  leaf-sheath 
is  only  differentiated  at  a  late  period  from  the  leaf-primordium,  as  one  can  readily 
see  in  the  leaf  of  any  grass ;  the  base  of  the  leaf  does  not  at  once  take  on  the 
character  of  the  leaf-sheath,  but  the  leaf-sheath  is  only  formed  by  intercalary 
growth  out  of  the  basal  portion  of  the  leaf. 

Eichler  (i86i)^  gave  a  clear  account  of  these  relationships,  along  with  a  cor- 
rection and  an  extension  of  Tr^cuFs  investigations. 

Hofmeister  (1868)^  explained  in  detail  the  distribution  of  growth  in  the  leaf, 
and  also  gave  a  summary  of  the  development,  although  this  is  not  very  far-reaching. 

At  a  later  date  I  applied  the  facts  of  historical  development  to  the  general 
morphology  of  the  leaf,  and  especially  to  its  metamorphoses  ^  I  showed  that 
a  genetic  connexion  exists  between  the  different  leaves— foliage-ieaves  in  different 
formsy  hypsophyllSy  kataphylls — which  in  the  matured  condition  diverge  very  widely 
from  one  another^  in  other  words,  the  path  of  development  is  originally  the  same 
for  all  leaves,  but  in  many  leaves  at  an  earlier  or  later  period  the  development  may 
proceed  along  different  paths.  If  we  start  from  the  highest  differentiated  form  of 
leaves  the  less  differentiated  appear  as  retarded  formation.  With  the  retardation 
there  may  also  be  associated  a  transformation  ^  which  is  all  the  more  far-reaching 
the  earlier  in  the  stage  of  development  it  appears. 

An  outline  of  the  development  of  leaves  will  be  found  exhibited  in  the  works 
I  have  referred  to,  and  I  shall  only  further  cite  here  some  of  the  more  recent 
investigations. 

With  regard  to  terminology  it  may  be  pointed  out  that  Bower*  has  proposed 
a  different  terminology  from  that  of  Eichler  which  is  made  use  of  in  the  following 
pages.  He  calls  the  whole  chief  axis  of  the  leaf  excluding  its  branches  phyllo- 
podium.  This  phyllopodium  may  be  differentiated  by  the  varying  distribution  of 
growth,  alike  in  the  transverse  and  in  the  longitudinal  direction,  into  different  parts 
which  behave  differently,  namely  into  hypopodium  which  corresponds  with  Eichler's 
leaf-base,  a  middle  elongated  portion  mesopodium  which  corresponds  with  the  leaf- 
stalk, and  an  upper  portion  epipodiunu 

The  history  of  development  of  the  leaf  is  of  course  conditioned  by 
the  form  of  the  mature  leaf,  as  has  been  said  already:— 'What  we  call 


*  Eichler,  Znr  Entwickelnngsgeschichte  des  Blattes,  mit  besonderer  Berucksichtigung  der  Neben- 
blattUlduogen.     Inang.  Dissertation,  Marbaig,  1861. 

'  Hofineister,  Allgemeine  Morphologic  der  Gewachse,  Leipzig,  1868,  p.  519. 

'  Goebel,  Beitrage  znr  Morphologic  nnd  Physiologic  des  Blattes,  in  Botanische  Zcitnng,  xxxviii 
(1880),  p.  753;  id.,  Vergleichende  Entwicklongsgeschichte  der  Pfianzcnorgane,  in  Schenk*s  Hand- 
bach  der  Botanik,  iii  (1884). 

*  Sec  Part  I,  p.  6. 

*  Bower,  On  tiic  Comparative  Morphology  of  the  Leaf  in  the  Vascular  Cryptogams  and  Gymno- 
sperms,  in  Phil.  Trans.,  1884. 
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the  mature  condition  is  only  the  terminal  one  of  a  series  of  stages  of  develop- 
ment which  follow  one  on  the  other  ^.'  We  may  say  in  general  that  parts 
which  have  the  earlier  functions  to  perform  appear  the  earliest^  and  in  con- 
nexion with  this  we  must  remember  that  the  foliage-leaves  are  not  only 
organs  of  assimilation,  transpiration,  and  so  forth,  but  have  also  to  act  as 
protective  organs  for  the  bud. 

Massart'  has  stated  that  those  parts  of  a  compound  leaf  which  in  the 
expanded  condition  are  smallest,  are  also  the  last  to  appear.  This  is  frequently 
true,  but  not  always.  Thus  in  Acer  platanoides  (Part  I,  Fig.  i)  the  lowermost  of 
the  five  lobes  of  the  leaf  are  the  smallest,  and  as  the  development  of  the  leaf  is 
basipetal  they  arise  last ;  but  in  Fraxinus  excelsior  the  lowermost  pair  of  leaflets, 
which  are  smaller  than  the  others,  arise  first  Retardation  relatively  to  the  growth 
of  the  rest  of  the  leaf-stalk  may  indeed  appear  at  all  stages  of  development. 

B.  GROWTH  OF  THE  LEAF  IN  GENERAL. 

The  primordia  of  the  leaves  arise  as  lateral  outgrowths  on  the  vegeta- 
tive point  of  a  shoot-axis,  an  arrangement  which  ensures  the  rapid  develop- 
ment  of  numerous  leaf-primordia.  We  have  already  seen  exceptions  to  this 
rule  in  the  behaviour  of  some  monocotylous  embryos  where  the  leaf- 
development  is  relatively  slow,  and  of  the  embryo  in  Lemnaceae  where  one 
leaf  only  is  developed,  and  where  the  origin  of  the  cotyledon  itself^  might  be 
cited  in  illustration,  for  it  arises  independently  of  a  vegetative  point.  We 
shall  see  hereafter,  when  discussing  the  development  of  the  flower,  that  its 
v^etative  point  is  frequently  used  up  entirely  for  the  flower-leaves  *,  and  if 
there  be  but  one  of  these  we  arrive  at  terminal  leaves  *.  If,  then,  the  state- 
ment *  that  the  leaves  always  arise  as  lateral  outgrowths  on  a  vegetative  point ' 
is  not  altogether  true,  yet  this  is  true  that  the  leaf-primordia  always  proceed 
from  embryonal  tissue.  There  is  no  case  known  in  which  a  leaf-primordium 
has  proceeded  from  permanent  tissue,  although  vegetative  points  of  a  shoot 
may  arise  from  this  in  regeneration  •.  So  far  as  we  know  also  there  are  no 
such  things  as  adventitious  leaves  "^  or  parts  of  leaves ^  although  many  authors 
speak  of  them,  for  example,  in  Filicineae.  In  the  Musci  the  leaf-primordia 
proceed  from  one  cell  which  is  a  segment  of  the  apical  cell.  In  the  Pteri- 
dophyta  this  is  the  case  in  the  Filicineae  alone  ®.     In  all  the  other  groups 


»  See  Part  I,  p.  9. 

•  Massart,  La  recapitulation  et  rinnovation  en  embryog^nie  v^g^talc,  in  Bulletins  de  la  Soci^t^ 
royale  de  botanique  de  Belgique,  xxiii  (1894). 

•  The  first  leaves  of  the  fem-embryos  which  arise  apogamously  and  are  formed  independently  of  the 
vegetative  point  of  the  shoot  are  also  examples. 

•  This  probably  holds  also  for  the  development  of  the  tendrils  of  some  Cucorbitaceae.    See 
p.  426.  *  See  Part  I,  p.  41.  •  See  Part  I,  p.  43. 

•  See  Part  I,  p.  4a.     Regarding  adventitious  leaves  see  Goebel,  tlber  Regeneration  im  Pflanzen- 
reich,  in  Biologisches  Centralblatt,  xxii  (190a). 

•  At  least  in  the  leptotporangiate  Filicineae  where,  however,  a  leaf  does  not  proceed  frono  every 
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of  Pteridophyta,  as  well  as  in  the  Spermophyta,  the  leaf-primordium  grows 
out  always  from  a  group  of  cells.  These  primordia  only  gradually  attain 
their  full  size,  and  there  arises  at  first  usually  only  the  primordium  of  that 
portion  of  the  leaf  which  will  later  become  the  apex,  and  after  this  the  leaf- 
primordium  broadens  out  laterally  because  further  portions  of  the  vegetative 
point  are  drawn  into  its  formation,  and  this  may  proceed  so  far  that  the 
leaf-primordium  finally  extends  completely  round  the  vegetative  point  like 
a  ring.  This  happens,  for  example,  in  the  grasses  which  have  a  closed  leaf- 
sheath  and  in  other  cases  (Fig.  198). 

As  to  the  longitudinal  extension 
of  the  primordium  of  the  leaf,  we  find, 
in  vegetative  points  with  close-set  prim- 
ordia of  leaves,  that  not  infrequently 
there  is  no  free  surface  of  the  vegeta- 
tive point  left  over  between  them,  and 
in  such  cases  the  lower  portion  of  the 
leaf-primordium  remains  frequently  united 
with  the  surface  of  the  shoot,  and  appears 
in  the  mature  shoot  as  a  leaf-cushion. 
This  process  is  important  for  the  under- 
Fio.  198.  Da^yiis  giomerau.  -rf,  vcgcu-    standing   of  the   inferior  ovary,  and  the 

tive  point  with  leafpnmordia :  a,  tf,  apices  of  **  -^ ' 

primordia;     /e,  margin  of  leaf-primordiuni    same  process  is  found  also  amongst  lower 

around  the  vegetation-point.     B.  young  leaf  *^  ^ 

diffcrc^nuated^into^kaf.ramina,  Sp,  and"  leaf-    plants,  for  example  in  Chara. 

C.    DISTRIBUTION  OF  GROWTH  IN  THE  LEAF, 
(a)  Apical  Growth  and  Intercalary  Growth. 

The  primordia  of  leaves,  whether  they  spring  from  a  single  cell  or  from 
a  group  of  cells,  are  primarily  composed  throughout  of  embryonal  tissue. 
Soon,  however,  there  appears  within  this  a  differentiation  which  in  different 
plants  runs  a  different  course.  Let  us,  in  the  first  place,  recall  what  takes 
place  in  the  Musci. 

Leaf-tip  in  Musoi.  In  them  the  leaf  ^  apart  from  many  exceptions,  is 
composed  at  its  apex  at  first  of  a  two-sided  apical  cell,  from  which  right 
and  left  two  rows  of  segments  are  cut  off^,  and  thus  the  foundation  is  laid 
for  the  construction  of  the  primordium  of  the  leaf.  The  capacity  of  this 
apical  cell  is,  however,  limited.     In  Schistostega  (Part  I,  Fig.  26)  its  capacity 


segment,  nor  is  the  whole  surface  of  the  segment,  as  in  the  Musci,  devoted  to  the  formation  of  the 
primordium  of  the  leaf.  In  the  eutporangiate  Filicineae  pluricellular  origin  of  the  leaf-primordium 
must  take  place.  '  See  p.  151. 

*  We  must  remember  that  the  leaves  of  all  Musci  primarily  consist  of  oft^  cell-layer,  and  that 
where  many  layers  are  present,  as  is  the  case  when  nerves  and  the  like  are  laid  down,  these  are 
subsequent  formations. 
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disappears  early,  but  the  cell  itself  retains  its  form  for  some  time.  We  see  in 
Fig.  26  of  Part  I,  on  the  right,  that  already  the  apical  cell  of  the  leaf-primor- 
dium,  which  consists  of  thirteen  cells,  has  grown  out  to  some  extent — an 
indication  that  it  has  expended  its  capacity  for  division^  and  that  its  phase 
of  elongation  has  now  set  in ; 
but  in  the  basal  portion  of  the 
primordium,  which  is  still 
small,  as  we  may  see  by  a  com- 
parison with  the  figure  stand- 
ing on  the  left,  the  cell-division 


)V 


Pig. 


19Q.      Gonolobns  sp.      I,   end  of  a 
II,  yonnrleaf.     k,  V^    foreranner- 


PlG.  200.    Gonolobus  sp.    Leaves  of  different  age  in  op- 

rite  sequence  of  numbers  I,  II,  III.  V^  forerunner>tip ; 
lamina  with  mucilase-hatrs  at  base ;  j/,  leaf-stalk.  The 
venation  indicated  in  the  forerunner-tip  in  I  and  II  is  not 
seen  in  fresh  leaves.    Magnified  a^. 


thoot.      II,  young  leaf.     K,  V^    foreni 
tips.    I,  magnifiea5.   II,  magnified  10. 

and  growth  are  still  in  progress.  The  growth  and  the  differentiation  of 
tissue  which  is  very  simple  in  Schistostega  is  ended  sooner  at  the  apex 
than  the  base.  Is  this  a  meaningless  phenomenon?  In  my  view  this 
phenomenon,  which  as  we  shall  see  is  widely  spread  elsewhere,  is  connected 
with  the  fact  that  the  leaf-apices  have  first  to  serve  as  protection  to  the  bud, 
because  they  reach  furthest  outwards,  and  we  have  seen  in  the  Musci  that 
the  leaf-tips  in  plants  inhabiting  dry  places  are  prolonged  into  diaphanous 

X  0, 
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hair-points,  which  form  a  little  tuft  above  the  stem-bud.     The  growing 
portions  are,  however,  covered  over  and  protected  within  the  bud. 

Forenmner-tips.  This  precedence  of  the  leaf-apex  appears  specially 
prominent  in  a  number  of  climbing  plants,  and  Raiiborski  ^  has  recently 
shown  the  biological  significance  of  it  to  them.  It  lightens  at  first  the 
weight  of  the  shoot,  which  is  in  search  of  a  support  in  its  revolving  nutation, 
and  consequently  makes  possible  a  much  stronger  growth  in  length  of  this 
shoot  out  of  an  equal  amount  of  available  material.  RaSiborski  designates 
the  early  developed  apical  portion  of  the  \t^{  ^^  forerunner- tip  (Figs.  199, 


Fig.  201.  Bentncasa  cerifera.  I,  yonng  leaf:  the  forernnner-tip,  V^  precedes  markedly  the  development  of  the 
lamina.  II,  mature  leaf:  the  distmction  of  the  forerunner-tip  hardly  visible.  III.  branched  tendril  injaventle 
state :  no  vegetative  point  of  a  shoot  is  visible  between  the  two  tendrils,  even  at  the  apex  of  the  lai^ger  tendril 
the  tissue  is  still  embryonal ;  gf^  vascular  bundle.    I,  magnified  9.    II,  natural  sixe. 

200,  V),  On  the  young  leaf  (Fig.  200,  III)  the  forerunner-tip  is  essen- 
tially complete  in  development,  and  is  almost  twice  as  long  as  the  primor- 
dium  of  the  leaf-lamina  Z,  which  is  still  very  small,  but  this,  as  a  comparison 
with  the  older  leaves  shows,  grows  afterwards,  whilst  the  forerunner-tip 
exhibits  only  an  insignificant  elongation  at  its  base.  The  leaf-apex  in 
a  compound  leaf  shows  the  same  features.  In  Fig.  aoi,  which  illustrates 
the  development  of  the  leaf  in  Benincasa  cerifera  the  precedence  in  develop- 
ment of  the  leaf- apex  over  the  leaf-surface  is  very  strikingly  shown,  and  by 
this  the  leaf  in  its  young  condition  has  quite  a  different  appearance  from  that 
which  it  has  when  mature.    Rhodochiton  volubile  shows  similar  features. 

We  must  look  for  the  significance  of  the  forenmner-tip  in  the  protec- 
tion of  the  vegetative  point  apart  from  considerations  of  the  importance  of 
reduction  of  the  leaf-development  for  the  rotating  shoots  of  climbers  ;  and 


^  Kafiiboiski,  Ober  die  Vorlauferspitze,  in  Flora,  Ixxxvii  (1900),  p.  i.    The  statements  of  Criiger 
and  otliers  are  dealt  with  here. 
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then  when  the  forerunner-tip  contains  chlorophyll  it  can  carry  on  the  func- 
tion of  assimilation  as  well  as  those  of  respiration  and  of  transpiration  until 
the  leaf-surface  has  attained  a  sufficient  extent  to  take  up  the  work. 

Plug-tips.  The  rapidly  drying-up  leaf-apices  of  the  unfolded  leaves 
of  Musa  which  may  sometimes  be  as  much  as  ten  centimeters  long,  and 
which  were  formerly  erroneously  described  as  a  kind  of  tendril,  as  well  as  the 
smaller  similar  structures  which  are  to  be  found  in  the  Zingiberaceae,  in  some 
Aroideae,  and  elsewhere,  are  in  my  view  structures  which  serve  to  close  the 
budy  and  which  may  be  termed  pltsg-tips.  With  them  we  may  reckon  the 
stipules  and  ligules  which  will  be  mentioned  below '.  The  leaves  of  all 
these  Monocotyledones  have  a  lamina  which  is  convolute  in  the  bud.  The 
somewhat  cylindric  apical  prolongation  on  the  one  hand  closes  each  convo- 
lute lamina  above,  and  on  the  other  hand  fills  up  the  space  formed  by  the 
convolution  of  the  leaf  which  stands  immediately  above  it,  and  in  this  way 
there  is  produced  a  long  thin  plug  which,  growing  proportionately  with  the 
space,  pushes  itself  upwards.  In  correspondence  with  this  we  find  in 
Hedychium  Gardnerianum,  for  example,  that  this  closing  body  is  provided 
with  somewhat  long  hairs,  and  in  some  Aroideae,  for  example  Colocasia, 
there  are  at  the  leaf-apex  water-slits  from  which  drops  of  water  exude. 
Where  the  apices  of  the  leaf-tips  in  toothed  or  otherwise  segmented  leaves 
pour  out  a  secretion  within  the  bud  ^  it  is  open  to  us  to  suppose  that  this  is 
not  merely  the  excretion  of  superfluous  by-products,  but  that  there  is  here 
a  provision  of  a  special  protection  for  the  young  parts.  The  precedence  in 
growth  of  the  leaf-apex  becomes  frequently  evident  also  through  the  fact 
that  the  first  hairs  appear  upon  it,  and  these  have  evidently  to  do  with 
its  protective  function. 

Measurements.  Sonntag  ^  has  given  some  measurements  from  which  I  extract 
a  few  figures.  They  give  the  length  which  the  primordium  of  the  leaf  has  reached 
when  the  apex  has  completed  its  growth,  whilst  embryonal  tissue  is  stiU  visible  at 
the  base : — 

Amongst  Gymnospermae  we  have— 

Taxodium  distichum  .....       0*2  mm. 

Picea  excelsa 0*29  mm. 

Abies  pectinata 0*32  mm. 

Pinus  silvestris 0-35  mm. 

Similar  figures  have  been  obtained  from  a  number  of  MonocotyUdones.  In 
Phragmitis  communis,  whose  leaves  reach  a  length  of  as  much  as  half  a  meter,  the 
primordium  of  the  leaf  at  the  end  of  its  apical  growth  is  only  half  a  millimeter  long, 


^  Sec  p.  359.    For  illustrations  of  plug-tips  see  Goebel,  in  Flora,  izzxviii  (iSK>i)f  p.  47o« 

'  See  Reinke,  Beitrage  zur  Anatomie  der  an  Lanbblattem,  besonders  an  den  Zahnen  dexselben 

vorkommenden  Sekretionsoigane,  in  Pringsheim's  Jahrbiicher,  x  (1876),  p.  119. 
'  Sonntag,  Vber  Daner  des  Scheitelwachsthams  ond  Entwicklnngsgeschicfate  des  Blattes,  in 

Pringsheim's  Jahrbiicber,  rviii  (1887). 
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and  from  this  ^«e  may  conclude  that  the  leaf  attains  its  size  mainly  through  inter- 
calary growth  and  stretching  of  the  cells. 

Amongst  DicotyUdones  the  relationships  are  more  manifold,  as  is  also  the 
construction  of  the  leaves.    The  following  figures  are  instructive — 
Ruta  graveolens 0*58  mm. 


o*6  mm. 
i-7Smm. 
2*91  mm. 

4.5  mm. 
15*0  mm. 


Juglans  dnerea 

Geranium  Robertianum    .     . 

Ailanthus  glandulosa   .    .     . 

Anthriscus  silvestris     .     .     . 

Archangelica  officinalis     .     . 
Still  larger  numbers  could  be  obtained  if  the  Droseraceae,  about  which  we 
shall  speak  presently,  were  taken  into  consideration. 

Guarea.  We  shall  hereafter  deal  with  the  sequence  of  origin  of  the  lateral 
members  of  the  leaf.  The  peculiar  features  of  Guarea,  one  of  the  Meliaceae^ 
which  was  formerly  considered  to  be  in  a  line  with  many  ferns,  will  only  be 
mentioned  here.  Its  pinnate  leaf  unfolds  at  first  only  a  portion  of  its  pinnae — the 
lower  ones;  in  the  next  vegetative  period  new  pinnae  appear  at  the  leaf-apex. 
According  to  Sonntag  this  is  not  a  case  of  long-lasting  apical  growth  of  the  leaf. 
The  leaf,  as  in  other  cases,  is  laid  down  in  toto^  and  its  capacity  for  development  is 
closed  therewith.  It  is  only  the  time  of  unfolding  which  is  periodic.  The  basal 
three  to  four  pairs  of  pinnae  unfold  in  the  first  vegetative  period,  whilst  the  rest 
unfold  in  the  succeeding  one.  How  far  these  peculiarities  are  connected  with  the 
conditions  of  the  life  of  the  plant  is  at  present  unknown. 

The  behaviour  of  the  leaves  of  the  Spermophyta^,  about  which  we  have 
just  spoken,  is  in  marked  contrast  with  that  of  the  leaves  of  Filicineae  in 
which  the  embryonal  tissue  occupies  the  apex  during  the  whole  duration  of 
the  development  of  the  leaf,  and  only  in  the  end  passes  over  into  permanent 
tissue.  It  would  be  an  error,  however,  were  one  to  ascribe  apical  growth  to 
the  leaves  in  Filicineae  alone. 

Apical  growth  in  Spermophyta.  In  some  Spermophyta  the  leaf  is 
marked  by  its  apical  growth,  inasmuch  as  the  apical  portion  during  the 
whole  period  of  the  building  up  of  the  leaf  retains  its  embryonal  char- 
acter. In  such  cases  we  find,  just  as  in  the  Filices,  a  ptyxis  different 
from  that  which  is  otherwise  usual  in  the  Spermoph3^a.  The  leaf  is 
circinate,  and  the  embryonal  portions  are  thus  brought  into  a  position  in 
which  they  are  protected  by  the  older  and  more  resistant  parts.  We  see 
this  in  Drosophyllum  (Fig.  aoa),  in  which  genus  the  leaf  is  revolute,  and 
also  in  some  other  Droseraceae,  for  instance  Drosera  binata  and  D.  dicho- 
toma*,  in  which  the  leaf-apex  is  involute.  The  like  may  be  observed  in 
a  number  of  Utricularieae.    That  the  distribution  of  the  growth-area  is  not 


^  As  well  as  of  the  Lycopodineae  and  Eqoisetaceae. 

^  In  other  Droseraceae  the  duration  of  apical  growth  is  mnch  shorter.    In  the  Filices  also  like 
cases  are  found. 
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determinant  of  the  leaf-form  is  shown  for  example  by  the  fact  4;hat  in  Byblis 
gigantea — which  has  hitherto  been  erroneously  reckoned  by  the  systematists 
amongst  the  Droseraceae— the  leaves  are  quite  like  those  of  Drosophyllum, 
but  possess  a  very  marked  intercalary  growth,  and  in  correspondence  there- 
with have  no  circinate  ptyxis^  The  ptyxis  of  the  leaves  depends  in  my 
view  partly  upon  the  distribution  of  the  growth  in  the  leaf-development, 
and  partly  upon  the  amount  of  space  available  in  the  bud.  A  superficial 
examination  of  some  leaves  which 
have  laterally  involute  ptyxis  shows 
that  they  are  always  leaves  which  re- 
tain for  a  long  time  embryonal  tissue 
and  grow  at  the  margin — mutatis 
mutandis — we  have  here  the  same 
relationships  as  are  found  in  leaves 
which  are  involute  at  the  apex.  But 
the  influence  of  space-relationships 
appears  in  this,  that  a  leaf  in  whose 
axil  at  a  very  early  period  a  bud 
arises  is  hindered  by  the  bud  from 
assuming  the  ptyxis  which  it  would 
otherwise  do  by  its  growth.  The 
ordinary  foliage-leaves  of  Caltha 
palustris,  for  example,  are  in  the 
bud  laterally  involute ;  those,  how- 
ever, which  subtend  a  flower-bud 
are  spread  out  flat  ^ 


Pig.  202.  Drosophyllum  lusitanicam.  Leaf  showing 
circinate  ptyxis.  Tne  tentacular  glands  are  laid  down 
in  serial  succession,  but  later  ones  are  also  intercalated. 
Magnified. 


{b)  The  Inception  of  the  Leaf-Surface  in  Spermophyta. 

In  what  we  have  said  above  we  have  dealt  with  the  distribution  of 
growth  in  the  primordium  of  the  leaf  in  general.  We  must  now  briefly 
deal  with  the  laying  down  of  the  leaf-surface.  The  process  is  relatively 
simple  where  the  leaf  is  from  the  first  laid  down  as  a  flat  structure  which 
attains  its  mature  configuration  by  a  uniform  stretching  of  the  embryonal 
tissue  in  the  transverse  direction.  Where,  however,  at  a  very  early  period 
a  portion  thickens  into  a  midrib,  and  is  thus  separated  from  a  thinner  part 
which  is  devoted  to  the  making  of  the  lamina,  most  complex  relationships 
ensue  between  embryonal  growth  and  stretching.  The  types  which  have 
been  created  around  which  to  group  the  forms  that  are  exhibited  show 


^  By  this  character  yoxmg  plants  of  Byblis  gigantea  can  be  readily  recognized  at  first  sight  from 
those  of  Drosophyllnm.  See  F.  X.  Lang,  Untersochimgen  iiber  Morphologic,  Anatomic  nnd  Samen- 
entwicklung  von  Polypompholyx  nnd  Byblis  gigantea,  in  Flora,  Ixxrviii  (1901),  p.  149. 

*  See  Amoldi,  Uber  die  Ursache  der  Knospenlage  der  Blatter,  in  Flora,  Ixzxvii  (1900),  p.  453. 
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many  transitions,  and  their  limitation  is  consequently  more  or  less  arbitrary. 
The  categories  framed  by  Prantl  ^  are  quoted  here  in  illustration. 

He  distinguishes : — 

(i)  Baaiplastio  type.  The  stretching  takes  place  at  the  apex  of  the  primarily 
uniform  embryonal  primordium,  and  proceeds  downwards  therein  until  nearly  the 
whole  of  the  active  meristem  disappears.  This  is  found  in  the  Musci,  Lycopo- 
dineae,  Coniferae,  with  the  exception  of  the  genus  Ginkgo',  most  Monocotyledones, 
a  number  of  Dicotyledones  with  simple  leaves,  such  as  Sempervivum,  Erica 
Tetralix,  Gentiana  asclepiadea,  and  the  Asclepiadeae.  Where,  as  in  Dicotyledones, 
feathered  veins  occur,  a  strong  midrib  is  first  of  all  differentiated,  and  this  is 
accompanied  (Fig.  199,  II)  both  right  and  left  by  meristic  tissue,  which  passes 
over  into  stretching-tissue  successively  in  a  basipetal  direction,  and  at  the  same 
time  simultaneously  in  a  transverse  direction.  In  other  leaves  which  may  be 
assigned  to  this  type  there  appear  basipetally  in  the  meristem  branchings  which 
become  leaf-teeth  as  in  Salix,  Celtis,  and  Prunus  avium,  or  pinnules  as  in  Cepha- 
laria  leucantha,  or  lobes  as  in  Bryonia  and  others  (see  also  Fig.  201). 

(2)  Fleuroplastio  type.  Where  the  meristem  is  marginal  the  leaf-apex  does 
not  pass  into  the  permanent  condition  so  rapidly  as  it  does  in  the  basiplastic  type. 
Of  simple  leaves  may  be  mentioned  those  of  Aristolochia  tomentosa,  Rhamnus 
Frangula,  and  Syringa  vulgaris.  The  transition  into  the  stretching-tissue  takes  place 
in  the  whole  tissue  arising  out  of  the  meristem  at  nearly  the  same  moment,  only 
at  the  margin  some  cells  remain  for  a  longer  time  in  the  meristic  condition.  Where 
branchings  take  place  these  proceed  in  acropetal  succession  as  in  Quercus,  Corylus, 
Tilia,  and  others,  but  in  Ulmus  from  the  middle  upwards  and  downwards. 

(3)  EuoladOTiB  type.  The  branchings  here  do  not  proceed,  as  in  the  two  former 
types,  only  when  a  portion  of  the  meristem  has  begun  to  stretch,  but  appear  at  a 
time  when  the  leaf  is  still  one  uniform  mass  of  embryonal  tissue.  This  is  seen  in 
Ginkgo,  Juglans,  Papilionaceae. 

A  sharp  limit  is  not  to  be  drawn  between  these  types,  especially 
between  the  first  and  second,  and  the  advantage  of  such  a  grouping  appears 
to  me  very  doubtful.  Upon  the  question  of  the  distribution  of  the  growth 
more  will  be  said  in  subsequent  pages  when  the  leaf-formation  in  the  several 
large  groups  receives  special  consideration!  and  when  the  relationship  of  the 
development  of  the  leaf  to  the  course  of  the  leaf-nerves  is  discussed. 

We  find  in  other  parts  of  plants  with  limited  growth,  for  example  in 
placentas,  quite  similar  differences  in  the  distribution  of  the  growth^,  and 
far  too  much  weight  has  been  attached  to  these  processes  of  gjrowth  in  the 
leaves. 


'  Prantl,  Stndien  iiber  Wachsthum,  Verzweignng  nnd  Nervatar  der  Lanbblatter,  insbesondere  der 
Dikotylen,  in  Berichte  der  deatschen  botanischen  Gesellschaft,  i  (1883),  p.  380. 

*  Now  no  longer  to  be  reckoned  amongst  Coniferae. 

*  See  also  Part  I,  p.  41. 
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D.    FORMATION  AND  DEVELOPMENT  OF  THE  LEAF 
IN  THE  CHIEF  PLANT-GROUPS. 

{a)   PTERIDOPHYTA. 

I.  Equisetaceae  and  Lycopodineae. 

The  simple  relationships  of  the  formation  of  the  leaf  in  the  Equisetaceae 
and  Lycopodineae^  where  all  the  leaves  are  basiplastic,  require  no  further 
mention  here.  But  the  formation  of  the  leaf  of  the  Filicineae  demands 
notice  as  it  is  marked  by  many  characteristic  features,  although  none  of 
them,  apart  from  the  arrangement  of  the  cells,  is  limited  to  the  class. 

2.  Filicineae. 

The  formation  of  the  leaf  is  in  the  different  forms  of  this  class  externally 
very  different.  One  need  only  recall  the  contrast  between  the  small  leaves 
of  some  Hymenophyllaceae,  where  they  are  less  in  size  than  those  of  some 
Hepaticae  and  Musci  (compare,  for  example,  Fig.  183),  and  the  massive 
leaves  of  Angiopteris  with  their  stout  leaf-stalks.  Nevertheless  we  cannot 
ignore  the  fact  that  there  is  a  common  path  in  their  development,  and  this 
appears  particularly  when  we  compare  not  the  fully  formed  but  the  primary 
leaves  of  the  different  forms  with  one  another,  and  with  the  pinnate  leaves. 
On  these  primary  leaves  we  see  a  conspicuous  marginal  growth^  that  is  to 
say,  the  meristic  tissue  occupies  the  margin  of  the  leaf,  and  in  association 
therewith  a  forked  branching  of  the  leaf-nerves  appears — this  only  being 
possible  where  there  is  marginal  growth.  Another  extreme  is  seen  where 
the  primordium  of  the  leaf  appears  as  a  structure  with  conspicuous  apical 
growth^  and  on  it,  when  branching  takes  place,  the  lateral  pinnules  arise  in 
monopodial  series.  There  are  not  wanting  transition-stages  between  these 
two,  especially  do  we  find,  for  example  in  Botrychium,  that  the  apex  of  the 
primordium  of  the  leaf  frequently,  after  it  has  produced  pinnules,  passes 
over  by  lateral  shooting  into  marginal  growth  and  dichotomous  branching, 
and  in  many  leptosporangiate  ferns  we  find  the  dichotomously  branched 
leaf  is  built  up  sympodially^.  This  latter  process  is  often  considered 
as  typical  of  the  ferns,  but  as  opposed  to  this  it  may  be  pointed  out  that 
within  the  series  of  the  ferns  is  to  be  found  a  type  of  leaf-development 
with  lateral  origination  of  the  leaf-pinnules  like  that  which  is  observed  in 
the  fern-like  Archegoniatae — the  Cycadaceae ;  and  when  this  occurs,  as  we 
shall  presently  see,  it  is  associated  with  a  gradual  reduction  of  the  apical 
growth  of  the  leaf-primordium. 

It  is  evident  then  that  alike  in  the  distribution  of  the  growth  and  in 
the  branching,  the  development  is  determined  here  by  the  configfuration 


*  See  p.  316. 
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which,  to  speak  teleologically,  must  be  reached  in  the  mature  condition, 
and  we  find  the  same  in  the  relationship  between  the  leaf-spindle  or  midrib 
and  the  lamina.  The  more  massively  developed  the  leaf-spindle  is,  the 
earlier  is  it  in  general  laid  down,  and  therefore  the  more  does  the  lamina 
appear  upon  it  as  a  wing-like  outgrowth  originating  at  a  later  period 
Bower  ^  has  attached  special  importance  to  the  fact  that  the  fern-leaf  is 
typically  provided  with  a  wing  even  where,  as  in  the  almost  cylindrical 
leaf-stalk  of  Angiopteris  and  others,  this  does  not  appear  externally.  The 
wings  on  the  lower  region  of  the  stalk-like  portion  of  the  leaves  are  shorter 
and  thicker  than  they  are  above,  and  may  in  Osmunda,  the  Marattiaceae, 
and  others,  broaden  at  the  base  into  a  sheath-like  form.  If  now,  as  indeed 
cannot  be  denied,  most  of  these  wing-formations  appear  in  correspondence 
with  the  dorsiventral  character  and  the  flattening  of  the  fern-leaf,  yet  we 
must  not  forget  that  all  transitions  may  be  formed  from  the  cylindric  wing- 
less leaves  of  Pilularia  right  up  to  the  leaves  of  the  Hymenophyllaceae,  which  * 
are  from  the  very  first  laid  down  as  flat  structures.  In  Pteris  serrulata,  for 
example  (Fig.  207,  II),  the  primordium  of  the  leaf  is  somewhat  flattened  at 
the  apex,  but  it  is  almost  cylindric.  On  each  side  there  shoots  out  upon 
the  rhachis,  which  is  first  of  all  laid  down,  a  lamina  which  is  provided  with 
wedge-like  marginal  cells,  and  these  divide  by  walls  inclined  alternately 
upwards  and  downwards.  At  first  the  cells,  which  proceed  from  this 
division  of  the  marginal  apical  cells,  are  devoted  to  the  construction  of  the 
rhachis,  and  only  at  a  later  period  does  the  further  growth  of  the  thinner 
lamina  proceed.  A  leaf  which  had  a  thin  rhachis  would  allow  the  marginal 
cells  to  pass  over  earlier  to  the  formation  of  a  lamina.  In  the  Hymeno- 
phyllaceae, where  the  lamina  is  only  one-layered  ^,  the  marginal  gjrowth  of 
the  lamina  is  naturally  somewhat  different,  and  the  same  may  be  said 
of  the  thicker,  more  massive  leaf-lamina  of  the  Osmundaceae  *  and  of  the 
Marattiaceae.  In  the  relationships  of  the  arrangement  of  cells,  however, 
we  find,  just  as  in  the  case  of  the  thallus  of  the  Hepaticae*,  the  expression 
of  the  working  of  inner  factors  which  have  no  direct  connexion  with  the 
grosser  relationships.  We  have  also  seen  when  examining  the  Hepaticae 
that  in  the  thallose  forms  the  thallus  has  a  thinner  lateral  surface  and  a 
thicker  middle  part,  and  that  in  the  larger  forms  of  Aneura,  for  example,  the 
wing-formation  may  be  practically  suppressed  in  the  chief  axis.  Fig.  %%  in 
its  lower  part  might,  mutatis  mutandis^  correspond  to  a  transverse  section 
through  a  young  leaf  of  Hymenophyllum ;  the  upper  portion  of  the  figure 


*  Bower,  On  the  Comparative  Morphology  of  the  Leaf  in  the  Vascular  Cryptogams  and  Gymno- 
sperms,  in  Phil.  Trans.,  1884  \  ^^*i  ^^^  Comparative  Examination  of  the  Meristems  of  Ferns  as 
a  Phylogenetic  Stndy,  in  Annals  of  Botany,  iii  (1889),  p.  305. 

*  Where  the  lamina  is  many-layered,  as  in  Trichomanes  reniforme,  it  is  not  so  from  the  beginning, 
bnt  the  layers  are  the  resnlt  of  subsequent  division  parallel  with  the  surfiBu^es. 

'  With  the  exception  of  the  species  which  resemble  some  of  the  Hymenophyllaceae. 

*  Seep.  31. 
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might  be  the  transverse  section  of  a  thick  fern-leaf.  In  the  development  of 
the  fern-leaf  we  meet  with  the  two  factors  which  everywhere  confront  us : 
on  the  one  hand  the  relationships  to  outer  factors  which  find  their  expres- 
sion, especially  in  the  size  which  the  leaves  reach,  and  this  supposes  again 
definite  relationships  of  organization  which  determine  the  developmental 
history ;  and  on  the  other  hand  incidents  which  spring  out  of  an  inner 
influence  on  configuration,  and  which,  if  we  consider  the  end-result,  might 
be  brought  about  equally  well  in  other  ways.  Thus  the  leaves  of  the  tree- 
fern  Amphicosmia  Walkerae  have  just  as  good  a  two-sided  apical  cell  ^  as 
the  small  leaves  of  the  Hymenophyllaceae  up  to  a  certain  stage  in  their 
development ;  they  have  not,  as  has  been  supposed,  a  three-sided  apical  cell 
like  the  Osmundaceae. 

Marattiaoeae.  The  leaves  of  the  Marattiaceae '  are  relatively  massive,  at  least 
.  in  the  case  of  Marattia  and  Angiopteris.  The  development  of  the  leaf  has  only 
been  examined  in  these  two  genera,  but  we  may  assume  that  its  course  is  the  same 
in  the  other  genera.  At  the  base  of  the  leaf  of  the  Marattiaceae  as  is  well 
known  there  are  stipular  formations ',  which  are  met  with  elsewhere  amongst  the 
fems  in  Todea  only  where  one  *  axillary  stipule  *  occurs.  The  primordium  of  the 
leaf  is  circinate  at  the  apex  *  as  in  other  ferns,  and  the  lateral  pinnules  arise  in 
acropetal  succession.  The  laying  down  of  the  leaf-surface  is  from  the  first  more 
massive  than  in  the  leptosporangiate  forms,  and  the  leaf-apex  is  in  Angiopteris 
frequently,  perhaps  always,  not  involved  in  the  leaf-formation. 

Osmundaceae.  The  Osmundaceae  conform  with  this  type  in  so  far  as  all 
the  parts  of  their  leaf  appear  in  acropetal  succession,  and  the  marginal  growth,  so 
characteristic  of  the  leaves  of  other  ferns,  appears  only  relatively  late  at  the  apex  of 
the  leaf  and  of  the  pinnules  which  are  further  divided.  The  presence  of  a  three- 
sided  pyramidal  apical  cell  may,  as  in  the  case  of  the  thallose  Hepaticae,*  be  con- 
nected with  the  more  massive  construction  of  the  leaf.  But  as  the  leaves  of  the 
tree-fem  Amphicosmia  Walkerae  have  a  two-sided  apical  cell  and  those  of  Todea 
superba,  which  are  not  very  large  and  are  of  delicate  construction,  have  a  three- 
sided  one,  the  character  is  evidently  racial. 

Iieptosporangiate  Filicineae.     In  the  leptosporangiate  ferns*  which  have 


^  Bower,  The  Comparative  Examination  of  the  Meristem  of  Ferns  as  a  Phylogenetic  Study,  in 
Annals  of  Botany,  iii  (1889),  p.  305. 

•  Bower,  On  the  Comparative  Morphology  of  the  Leaf  in  the  Vascular  Cryptogams  and  Gymno- 
speims,  in  Phil.  Trans.,  1884. 

'  The  '  stipular  scales  *  which  occur  one  upon  each  side  of  the  leaf-base  in  Ceratopteris  thalictroides 
are  really  scale-hairs  of  special  construction,  and  are  found  also  upon  the  stalk  and  lamina  of  older 
leaves.  See  Kny,  Die  Entwicklung  der  Parkeriaceae,  in  Nova  acta  der  kaiserl.  Leop.-Carol.  deutschen 
Akademie  der  Naturforscher,  xxxvii  (1875),  p.  29. 

*  The  arrangement  of  the  cells  at  the  apex  is  like  that  at  the  apex  of  the  root  of  the  Marattiaceae, 
that  is  to  say,  there  are  many  initials,  but  in  Marattia  there  is  often,  although  not  always,  a  three- 
sided  apical  cell.     For  further  details  see  Bower,  op.  cit. 

*  Seep.  31. 

•  The  works  of  Hofmeister,  Kny,  Sadebeck,  and  Prantl,  which  are  mentioned  in  all  textbooks, 
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been  carefully  examined,  we  find  that  the  leaf-primordia  which  proceed  from  one 
cell,  have  at  first  a  two-sided  apical  cell  (see  Fig.  173),  which,  in  ferns  like  Pilularia, 
remains  for  a  somewhat  long  period  because  the  leaf  has  a  cylindric  configuration 
and  is  unsegmented.  Pilularia  has  leaves  which  are  traversed  by  only  one  conduct- 
ing bundle.  In  ferns  whose  leaves  are  developed  as  flat  expansions  the  course  of 
the  nerves  of  the  leaf,  and  the  branching  of  the  leaf  itself  which  is  connected  with 
these  are  of  special  interest.  When  speaking  of  the  primary  leaves  of  the  ferns  *  it 
was  shown  that  the  nerves  of  the  leaf  are  dichotomously  branched  and  Fig.  92,  5, 

Part  I,  which  represents  the  leaf  of 
Asplenium  viride,  shows  clearly  that 
its  pinnules  are  the  result  of  repeated 
dichotomous  branching.  In  the  leaf 
represented  in  Fig.  92,  4,  Part  I,  on 
the  other  hand,  only  one  dichotomy 
has  taken  place.  Fig.  203,  which 
represents  a  leaflet  of  Allosorus 
crispus,  shows  clearly  also  the  di- 
chotomous branching.  This  dicho- 
tomous branching  may  likewise  be 
found  by  careful  developmental  in- 
vestigation in  many  cases.  The 
meristemis  on  the  margin,  andretains 
its  embryonal  character  over  the  cells 
arranged  in  longitudinal  rows  which 
are  to  give  rise  to  the  leaf-nerves, 
whilst  the  cells  which  lie  between 
these  pass  over  at  an  early  period  into 
permanent  tissue.  We  do  not,  how- 
ever, find  this  in  every  case.  Where 
we  have  to  deal  with  elongated  leaves 
provided  with  numerous  lateral  parts 
there  is  developed  a  uniform,  con- 
tinuously growing  apical  meristem.  Fig.  204  shows  the  leaf-tip  of  Adiantum  Edge- 
worthi.  At  the  apex  is  a  two-sided  apical  cell  which  is  not  visible  in  the  figure  owing 
to  its  small  size  The  leaflets  are  laid  down  as  lateral  outgrowths  beneath  the  apex 
which  continues  its  growth.  They  branch  dichotomously  and  finally  in  feeble 
leaves  the  leaf-apex  itself  passes  over  into  the  same  conformation  as  that  exhibited 
by  the  pinnules.  We  observe,  then,  that  in  this  characteristic  marginal  growth  we 
have,  as  in  many  prothalli  of  ferns,  the  wedge-shaped  apical  cell  replaced  later  by  a 
group  of  meristic  marginal  cells.  If  we  conclude  ^  from  these  and  from  other  facts 
— for  instance  the  frequently  *  abnormal '  forked  division  of  the  leaf  of  difierent 
ferns  which  do  not  show  the  *  normal '  features — that  the  branching  of  the  fern-leaf 


Fig.  203.  Alloaonis  crispna.  Oatline  of  a  leaflet.  The 
branching  is  clearly  dichotomous.  The  apex  has  divided  into 
lobes  I  and  a  of  which  i  is  the  stronger  and  continues  the 
growth,  a  forms  a  lateral  lobe.  Below  we  have  lobes  %  and  4 
which  have  been  similarly  formed.  The  leaf-spindle  (rhachis), 
.S,  is  only  a  slightly  broader  portion  of  the  lamina  which  is 
snbseqaently  mechanically  strengthened.    Magnified. 


give  particulars  of  these,  as  do  also  the  memoirs  of  Bower.    Here  the  details  of  the  arrangement  of 
the  cells  cannot  be  discussed.  ^  See  Part  I,  p.  151. 

'  Goebel,  Uber  die  Jngendzustande  der  Pflanzen,  in  Flora,  Ixxii  (1889),  p.  26. 
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exhibits  the  primary  and  now  partly  lost  type  we  must  remember  that  this  is  in  the 
meanwhile  nothing  more  than  a  hypothesis  against  which  many  other  facts  might 
be  quoted.  What  appears  to  be  more  important  is  that  we  have  the  relation- 
ship above  mentioned  between  lateral  branching  and  dichotomy,  from  which  we 
learn  that  in  all  ferns  the  lateral  primordia  of  the  pinnae  appear  on  the  pritnordium 
of  the  leaf  and  that  if  the  leaf  is  a  greatly  elongated  one  the  lateral  parts  are  laid 
doTvn  in  rapid  succession^  but  where  surface-growth  predominates  then  there  is  dichoto- 
mous  branchings  and  there  is  no  formation  of  a  strong  leaf  spindle  or  midrib.  In  some 
cases,  as,  for  example,  the  Gleicheniaceae 
where  dichotomy  has  been  assumed,  it  is 
in  error. 

In  ferns  where  the  leaves  show  a 
strong  rhachis  developing  for  a  long 
time  by  monopodial  growth  the  la- 
teral leaflets  frequently  have  a  relation 
in  their  configuration  to  the  circinate 
ptyxis  of  the  apex  of  the  bud.  This 
is  the  case  in  Nephrolepis  exaltata 
(Fig.  205).  Each  pinnule  of  the  sim- 
ply pinnate  leaf  has  here  at  its  base  a 
lobe-like  outgrowth  which  is  directed 
towards  the  leaf-apex.  A  considera- 
tion of  the  leaf-tip  will  easily  convince 
one  that  it  is  these  lobes  which  at 
first  cover,  on  the  outside,  the  circi- 
nate apex,  whilst  the  tip  of  the  young 
pinnule  itself  is   concealed   beneath 

*,  ,,  .  1         -Tfc        t  1  Fig.  204.   AdiantamBdgeworthi.  Leaf-apex  exposed. 

the  next  older  pmnule.     By  the  early      I-atcral  pnmordia  of  pinnules  are  visible.    Long  hairs 

J^  lilt  ■""  °"  *^  outer  side.     The  several  pinnules  branch 

development  of  these  lobes  *  a  better 
protection  to  the  young  parts  is  made 
possible,  as  is  the  case  in  many  Spermophyta  where  the  stipules  perform 
a  like  function^.  We  may  say  the  same  for  the  special  configuration  of 
the  leaflets  of  many  species  of  Adiantum,  for  example  A.  trapeziforme.  It 
will  be  shown  below  that  even  more  peculiar  relationships  are  observed  irt 
many  of  the  Gleicheniaceae,  relationships  which  have  been  erroneously  inter- 
preted, through  want  of  consideration,  to  the  standpoint  of  function. 

Apical  Growth  in  the  Leaves  of  Filiees.  The  apical  growth  of  the 
leaves  of  many  ferns  is  prolonged  over  several  periods  of  vegetation.  The 
growth  of  the  apex  is  periodically  arrested,  and  then  again  resumed  at 
a  later  period. 


dichotomously    at 
Magnified. 


pinnules  I 
the    margin    at   a   later  period. 


^  In  the  matore  leaf  each  lobe  is  in  great  part  covered  by  the  base  of  the  one  above  it,  and  they 
are  therefore  of  little  moment  in  assimilation. 
*  See  Part  I,  p.  125. 
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Nephrolepis.  Some  but  not  all  species  of  Nephrolepis  ^  show  this,  but 
it  is  not  observable  in  their  primary  leaves.  In  at  least  many  species,  as 
I  have  satisfied  myself  is  the  case  in  Nephrolepis  exaltata,  it  is  possible  to 
recognize  the  limits  of  the  several  yearly  growths  by  the  diminution  in  size 
of  the  pinnules.  In  old  leaves  I  found  the  leaf-apex,  which  is  still  circinate, 
finally  dried  up. 

Hymenophyllmn.      Many  species   of  Hymenophyllum,   for  example 
H.  interruptum,  H.  Karstenianum,  and  H.  plumosum,  show  similar  features. 
Gleioheniaoeae.  The  Gleicheniaceae  behave  strikingly  in  a  like  manner, 
and  their  circinate  leaf-tips  which  are  found  in  the  successive  resting  periods 
have  been    confounded    with  adventitious    buds.     The 
Gleicheniaceae  also  exhibit  some  remarkable  adaptations 
which  have  hitherto  not  received  the  attention  they  de- 
serve.    Of  these  the  most  remarkable  is  the  adjustment 
of  several  pinnules  as  a  protection  to  the  resting  apex  of 
the  leaf  so  as  to  form  a  kind  of  bud-scales.     These  pin- 
nules have  been  quite  superfluously  named  *  adventitious ' 
and  *aphleboid'^  formations,  and   Potoni^^  has  conjec- 
tured that  they  are  *  vestiges  of  the  originally  laminar 
expansion   of  the  chief  spindle  of  the   leaf.'     But  we 
have  here  neither  '  adventitious '  structures  nor  *  vestiges,* 
but  only  pinnules  which,  standing  next  to  the  resting 
leaf-apex,  are  constructed  as   protective   organs   to  it. 
As  is  shown  in  Fig.  ao6,  they  lie  primarily  like  two 
mussel-shells  over  it.     They  are,  at  least  in  the  relatively 
small  leaf  which  is  represented,  scarcely  divided,  but  in 
other  species  of  Gleichenia  they  are  lobed  or  cut.     The 
larger  the  resting-apex   which   they  have  to  protect  the  larger  are  these 
protecting  pinnules,  and  they  may  be  absent  if  it  is  very  small,  whilst 
many  species  of  Gleichenia,  especially  those  with  a  dense  covering  of  scales 
or  hairs,  want  them  altogether.     The  figure  shows  that  the  portion  of  the 
leaf  which  is  directed  outwards  is  furthered*.   Where,  as  in  Gleichenia  bifida, 
leaflets  appear  upon  the  primary  axis  of  the  leaf,*  at  first  only  upon  the 
inner  side,  we  have  perhaps  to  deal  with  pinnules  which  are  effective  as 
protective  structures  during  the  period  of  unfolding  ^.     We  do  not  know 


Fig.  205.  Nephrolepis 
exalUta.  Leaf-  tip. 

Every  pinnule  has  de- 
yeloped  an  upwardly 
directed  '  covering  lobe.' 
Magnified  2, 


'  Metteniiis,  Filices  horti  botanici  Lipsiensis,  Leipzig,  pp.  99  and  loi.  With  regard  to  the 
Hymenophyllaceae,  see  Mettenius,  Cber  die  Hymenophyllaceae,  Leipzig,  1864. 

■  For  instance  by  Sadebeck,  Pteridophyten,  Einleitung,  in  Engler  and  Prantl,  Die  natiirlichen 
Pflanzenfamilien,  1898. 

•  Potoni^,  Lehrbnch  der  Pflanzenpalaeontologie,  Berlin,  1899,  p.  119. 

*  See  Part  I,  p.  124. 

^  In  one  example  which  I  have  before  me  the  chief  pinnule  begins  with  five  lateral  pinnules 
standing  only  upon  the  inner  side,  and  thereafter  follows  the  usual  formation  of  pinnules  upon  both 
sides. 
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what  is  the  connexion  between  the  periodic  growth  ^  of  these  leaves  of  ferns 
and  their  relationships  of  life,  yet  we  may  conjecture  that  the  further  de- 
velopment proceeds  in  moist  periods  of  the  year,  and  that  the  arrest 
takes  place  in  the  dry  periods. 

Iiygodieae.  The  leaves  of  species  of  the  Lygodieae  are  those  which 
exhibit  the  most  prolonged  growth  in  length,  and  they  twine  around 
supports.  Further  investigation  is  required  before  we  can  say  that  we  have 
an  *  unlimited  '  growth  here,  and  that  the  leaf  only  dies  down  finally  by,  as 


Fig.  306.  Gleicheoia  dichotoma.  I,  fork  of  leaf  in  which  is  a  '  bad  *  covered  by  the  protecting  pinna ;  A  and 
B^  Ai  and  Bi^  pairs  of  pinnae  of  very  unequal  size ;  A  and  A^  smaller  protecting^  pinnae ;  j^and  i9i,  pinnae  tamed 
oatwards,  lar^r  and  more  segmented.  Il,  the  same.  Ill,  protecting  pinnae.  I  and  II,  two-thirds  nataral  sise. 
Ill,  nataral  sue. 

it  were,  an  accident  through,  it  may  be,  unfavourable  external  conditions, 
difficulties  of  water- transport,  and  so  forth  ^. 

From  what  has  been  said   we  can  recognize  in  the  Filicineae  the 
following  stages: — 


'  The  formation  of  the  leaves  is  incorrectly  described  in  the  most  recent  account  of  the 
Gleicheniaceae  by  Diels,  in  Engler  and  Prantl,  Die  nalurlichen  Pflanzenfamilien,  1898 — '  adven- 
titions  shoots'  do  not  exist  in  the  'forkings*  of  the  leaf-axis.  The  structure  found  in  thes6 
positions  is  the  continuously  growing  leaf-apex.  The  'forking*  is  the  consequence  of  the  two 
pinnules  below  the  circinate  persistent  leaf-tip  developing  equally.  No  species  of  Gleichenia  has 
A  dichotomons  leaf. 

'  The  primary  leaves,  like  those  of  other  ferns,  have  limited  growth. 
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(i)  The  germ-plant  begins  with  a  cotyledon,  which  has  marginal 
growth  from  the  outset,  and  it  as  well  as  the  primary  leaves — which  only 
for  a  short  time  have  apical  growth  from  a  two-sided  apical  cell — show 
dichotomous  branching  or  evident  dichotomous  venation. 

{%)  The  leaf-apex  grows  at  first  monopodially,  but  after  a  shorter  or 
longer  time  it  passes  over  into  marginal  growth,  and  dichotomous  branching 
follows. 

(3)  The  apical  growth  persists  during  many  periods  of  v^etation. 
The  leaf  forms  to  a  certain  extent  long  growths  and  short  growths,  and 
these  latter  are  the  branchings  of  the  higher  order,  which  from  the  outset 

have  limited  growth. 

Whether  this  series  forms  an  ascending  or 
descending  one,  or  whether  we  must  recognize 
it  as  simply  one  construction  cannot  certainly 
be  determined.  What  is  certain  is  that  the 
configuration  of  the  primordium  of  the  leaf  is 
connected  with  that  of  the  mature  condition 
in  the  manner  that  has  been  indicated  above. 

The  relationship  that  has  been  pointed 
out  *  between  apical  growth  of  the  leaves  of  the 
ferns  and  their  circinate  ptyxis  is  not  alto- 
gether without  exception.  The  apical  growth 
of  the  leaf  is  also  not  necessarily  bound  up 
with  circinate  ptyxis.  In  Pteris  serrulata  (Fig. 
207),  P.  cretica,  and  P.  umbrosa  I  found  the 
laminar  portion  of  the  leaf  to  be  straight  from 
the  beginning,  the  stalk  alone  showed  a  sharp 
curvature  so  that  the  leaf-apices  of  the  leaflets 
were  all  directed  downwards^.  Nevertheless 
the  normal  apical  growth  exists  here.  I  must 
confess  that  I  was  astonished  to  find  this,  but  I  believe  that  we  may 
obtain  the  biological  explanation  in  the  consideration  of  two  facts — 
first  of  all  there  are  a  number  of  segmented  hairs  developed  at  a  very 
early  period,  and  these  cover  over  the  leaf-apex  and  protect  it,  and 
secondly  the  leaf-spindle  precedes  in  development  the  lamina  to  a  very 
great  extent,  and  the  lamina  attains  even  later  no  very  marked  breadth ; 


Fig.  207.  Pteris  seiralata.  I, 
leaf.  The  leaf-stalk  is  incun^ed,  the 
lamina  is  already  divided  but  is  not  in- 
carved.  Iff  young  leaf  in  transverse 
section  near  the  tip  of  a  leaflet.  It  is 
almost  circular.  The  lamina  arises 
later  from  the  marginal  cells,  X,  L. 
The  upper  side,  in  correspondence  with 
its  lie  m  the  bad,  is  turned  downwards. 
Ill,  older  leaflet  in  transverse  section. 
The  precedence  in  development  of  the 
thick  rhachis  over  the  lamina.  L^  L^  is 
shown.  The  apper  side  is  in  this  figure 
turned  upwaras.  I,  natural  size.  11 
and  HI,  magnified. 


*  See  p.  310. 

'  It  is  remarkable  that  no  one  has  mentioned  the  facts,  although  they  appear  in  the  cultiTation  of 
one  of  the  commonest  ferns,  bat  I  may  add  that  Leszcyc-Saminski  says  of  the  leaves  of  Pteris 
serrulata  that  the  primary  leaves  appear  to  be  circbate.  His  figures,  however,  show  there  is  only 
an  incurving  of  the  stalk,  not  of  the  lamina,  and  the  statement  of  Kaultuss  that  there  b  no  circinate 
ptyxis  in  Pteris  serrulata  b  correct,  although  Leszcyc-Suminski  endeavoured  to  controvert  it.  See 
Lcszcyc-Suminski,  Zur  Entwicklungsgeschichte  der  Farmkrauter,  Berlin,  1848,  p.  16. 
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it  shoots  out  to  both  sides  of  the  almost  cylindric  leaf-stalk,  and  retains  for 
a  relatively  long  period  its  embryonal  character  throughout  (Fig.  207),  and  to 
its  protection  the  hairs  are  devoted.  A  leaf-bud  of  this  kind  appears  only 
in  ferns  which  grow  in  specially  mobt  shaded  stations,  as  is  the  case  with 
these  species ;  possibly  also  the  character  is  of  importance  from  a  systematic 
standpoint. 

The  case  is  different  in  ferns  which  at  an  early  period  lose  their  apical 
growth,  and  in  which  therefore  the  circinate  ptyxis  is  wanting.  We  see  this 
in  some  small-leaved  species  of  Hymenophyllaceae,  as,  for  example,  the 
species  of  Trichomanes  represented  in  Fig.  183,  and  some  other  forms  with 
similar  leaves.  We  also  find  it  in  T.  peltatum  and  T.  Motleyi,  which  have 
small  peltate  leaves  that  pass  over  at  an  early  period  into  marginal  growth  \ 
The  leaves  of  Ophioglossum  and  Botrychium  also  have  no  circinate  ptyxis  *. 

These  examples  amongst  the  Pteridophyta,  as  well  as  those  amongst  the 
Dicotyledones  ^,  show  that  circinate  ptyxis  is  not  a  systematic  character,  but 
is  one  connected  with  apical  growth,  although  not  necessarily  so,  and  that 
it  may  be  constant,  more  or  less,  in  one  series. 

{b)    SPERMOPHYTA. 

In  simply  constructed  leaves,  especially  those  which  have  no  leaf-stalk, 
there  appears  to  be  no  segmentation  of  the  leaf-primordium  as  it  develops. 
It  is  different,  however,  in  more  highly  membered  leaves.  The  first  thing 
that  strikes  us  here  is  that  the  leaf-stalk  arises  relatively  late,  with  which 
corresponds  the  fact  that  its  work  has  to  be  done  during  and  after  the 
unfolding  of  the  leaf.  The  primordium  of  the  leaf  appears  at  first  with  the 
configuration  of  a  ridge  or  papilla,  and  in  this  condition  it  is  designated 
a  primordial  leaf.  The  primordial  leaf  next  segments  into  two  portions 
which,  however,  are  not  separated  sharply  one  from  the  other,  but  are  only 
distinguished  by  the  share  which  they  take  in  the  further  growth  of  the 
primordium.  That  portion  which  sits  upon  the  vegetative  point  of  the  shoot, 
the  leaf-base^  takes  no  share  in  the  further  differentiation  of  the  leaf-primor- 
dium, or  at  least  only  in  so  far  as  in  many  plants  an  outgrowth  develops  at 
each  side  of  the  primordium,  and  these  outgrowths  of  the  leaf-base  are 
designated  stipules.  In  many  cases  the  leaf-base  acquires  a  sheath-like 
form,  Uaf'sheath^  especially  in  the  grasses  and  the  Umbelliferae.  The 
portion  of  the  leaf-primordium  which  lies  above  the  leaf-base  is  the  upper 
leafy  and  it  is  from  this  that  the  leaf-lamina  proceeds.  If  in  the  mature 
condition  the  lamina  is  segmented,  pinnate  for  example,  or  otherwise 


'  Compare  what  is  said  under  peltate  leaves,  p.  335. 

'  The  example  of  some  species  of  Pteris  meotioii^l  above  shows  that  even  where  there  is  prolonged 
apical  growth  drcinate  ptyxis  of  the  bud  is  not  necessary. 
•  Sec  p.  310. 

GOBBBL  n  Y 
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divided,  the  divisions  come  about,  apart  frpm  the  case  of  palms,  by  branch- 
ing of  the  upper  leaf.  The  leaf-stalk  is  everywhere  of  late  origin,  and  it  is 
intercalated  between  leaf-base  and  upper  leaf,  that  is  to  say,  it  arises  from 
that  portion  of  the  leaf-primordium  which  lies  between  these  two,  and  which 
retains  the  peculiarity  of  an  embryonal  tissue  for  a  longer  time.  That 
a  leaf-stalk  is  absent  in  many  cases  requires  as  little  explanation  as  the  fact 
that  there  is  no  sharp  limit  between  the  leaf-stalk  and  the  leaf-sheath.  In 
what  follows  the  development  of  the  leaf  of  the  larger  systematic  groups 
will  be  described  :— 

I.  Gymnospermae. 

Cyoadaoeae  ^.  The  leaves  of  the  Cycadaceae  externally  resemble  in  their  pin- 
nation  those  of  many  Fiiices,  especially  in  the  fact  that  the  pinnules  are  circinate  in  the 
bud ;  but  the  whole  leaf  is  not  circinate  because  the  leaf-apex  passes  at  a  relatively 
early  period  into  the  permanent  condition,  sometimes  even  before  the  appearance 
of  the  pinnules.  The  pinnules  proceed  from  two  wing-like  growths  of  the  primor- 
dium  which  remains  embryonal,  and  in  this  we  have  a  difference  in  the  development 
of  the  leaf  as  compared  with  that  of  the  Marattiaceae.  The  available  statements  do 
not,  however,  give  us  a  satisfactory  view  of  the  duration  of  the  apical  growth. 
Sonntag  *  observed  a  leaf  of  Cycas  Thouarsii  which  had  a  length  of  about  fifty 
centimeters  and  possessed  a  circinate  leaf-apex  with  completely  embryonal  apex, 
whilst  in  the  cases  examined  by  Bower '  this  apical  growth  which  was  never  very 
marked  ceased  with  the  appearance  of  the  pinnules.  The  pinnules  appear  in 
acropetal  succession  in  C.  Seemanni,  but  in  other  species  they  appear  almost 
simultaneously,  or  those  in  the  middle  regions  of  the  leaf  appear  before  the  upper 
and  the  under  ones,  as  in  C.  Jenkinsiana,  whilst  in  Macrozamia  Miqueli  and 
Encephalartos  Barteri  the  succession  of  development  is  basipetal. 

Ginkgoaoeae.  The  apical  growth  in  Ginkgo  persists  longer  than  it  does  in  the 
Cycadaceae.  The  division  of  the  leaves  takes  place  by  actual  branching,  and  there 
is  an  apical  marginal  meristem,  as  in  the  leaves  of  many  Fiiices,  and  the  branching 
is  clearly  dichotomous. 

Coniferae.  The  simple  configuration  of  the  leaves  of  the  Coniferae  makes 
it  unnecessary  to  discuss  here  the  development  of  the  leaf. 

Gnetaceae.  The  apical  growth  of  the  leaf-primordium  ceases  very  early  amongst 
the  Gnetaceae.  This  is  specially  evident  in  the  remarkable  Welwitschia  mirabilis 
which  possesses  during  its  life  only  two  leaves,  placed  at  right  angles  to  the 
cotyledons,  and  these  grow  perennially  by  means  of  a  persistent  basal  zone  *. 


*  See  Warming,  Unders0gelser  og  Betragtninger  over  Cycademe,  in  Oversigt  over  det  kongelige 
danske  videnskabemes  Selskabs  Forhandlinger,  1877 ;  Bower,  On  the  Comparative  Morphology  of 
the  Leaf  in  the  Vascnlar  Cryptogams  and  Gynmosperms,  in  Phil.  Trans.,  1884. 

*  Sonntag,  Uber  Dauer  des  Scheitelwachsthums  und  Entwicklungsgeschichte  des  Blattes,  in 
Pringsheim's  Jahrbiicher,  xviii  (1887),  p.  241. 

*  In  part  seedlings;  perhaps  older  plants  behave  diflfereatly.  *  Bower,  op.  cit.,  p.  600. 
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2.  MONOCOTYLEDONES. 


DORSIVENTRAL   LEAVES. 


The  Simple  construction  and  the  predominance  of  intercalary  growth  in 
the  leaves  of  most  Monocoty  led  ones  has  been  already  mentioned  ^  but  we 
may  here  take  as  an  illustration  the  formation  of  the  leaf  of  Dactylis 
glomerata  (Fig.  198). 

Daotylis  glomerata.  The  leaf  is  composed  of  a  closed  sheath  and 
a  lamina.  At  the  point  where  these  join  is  the  membranous  ligule.  The 
function  of  the  leaf-sheath  is  to  support  the  internode  which  has  long 
intercalary  growth.  If  one  holds  horizontally  the  haulm  of  a  grass  which  is 
still  in  a  condition  of  growth,  and  from  which  the  leaf-sheath  has  been 
removed,  it  is  unable  to  support  its  own  weight.  The  ring-like  swelling 
upon  the  leaf-sheath  above  its  point  of  attachment  may  at  first  serve  to 
give  a  firmer  support  to  the  haulm,  because  it  is  formed  at  the  point  where 
the  tissue  of  the  internode  is  softest.    The  importance  of  these  nodes  for 


Pig.  20S.    Bambosa  vertictllata.    Leaf  in  transverse  section  ;  I,  hinge-celL    II,  convolute  lamina.    Ill,  hing^e- 
cell  after  unfolding  of  leaf.    All  magnified. 

the  erecting  of  the  haulm  is  well  known  and  need  not  be  further  spoken 
of  here. 

The  youngest  primordium  of  a  leaf  on  the  massive  vegetative  cone  has  the  form 
of  a  ridge  which  does  not  entirely  surround  the  vegetative  point.  It  is  only  in  the 
second  youngest  leaf  that  the  primordium  takes  on  the  form  of  a  circular  wall  from 
one  side  of  which  the  lamina  springs,  and  this  side  is  marked  out  from  the  first  by 
being  somewhat  higher  than  the  adjacent  part.  This  side  grows  more  strongly, 
whilst  the  amplexicaul  leaf-base,  which  at  first  is  very  small,  develops  by  inter- 
calary growth  gradually  into  the  leaf-sheath.  The  laminar  portion  only  appears  as 
sharply  separated  from  the  leaf-base  after  the  appearance  of  the  ligule.  It  is  clear 
that  this  development  cannot  be  crisply  interpreted  as  Tr^cul  would  have  it —that 
the  leaf-sheath  is  first  formed.  The  primordium  of  the  leaf  at  the  beginning  shows 
rather  neither  lamina  nor  sheath.  The  former  does  not  grow  out  of  the  latter,  but 
both  differentiate  only  in  the  further  course  of  development.  As  to  the  leaf-sheath 
which  subsequently  becomes  the  tube,  we  cannot  say  that  this  results  from  the 
'  concrescence '  of  the  margins  of  an  originally  open  primordium  of  a  sheath,  as  was 


>  See  p.  298. 
Y  a 
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formerly  supposed,  but  only  that  a  ring-like  zone  of  the  vegetative  point  of  the  shoot 
takes  a  share  in  the  formation  of  the  leaf. 

Hinge-oells  in  grasses.  A  peculiarity  of  the  leaves  of  grasses  may  be  mentioned 
here  because  often  it  is  interpreted  incorrectly.  The  lamina  in  Bambusa  has  con- 
volute ptyxis  (Fig.  208),  and  it  remains  in  this  condition  for  a  relatively  long  time 
until  the  tissue-formation  in  the  leaf  is  nearly  completed.  The  expansion  of  the 
leaf  is  provided  for  by  special  hinge-ceils ^Q^\6.tTm2\  cells  which  remain  at  first 
small,  but  in  the  process  of  unfolding  of  the  leaf  grow  rapidly  and  attain  a  volume 
which  is  considerably  larger  than  that  of  the  other  epidermal  cells.  These  hinge- 
cells  are  found  also  in  some  other  Monocotyledones '. 


Fig.  aoo.  Helicodiceros  muadvoras.  Leaf  seen  obliquely  from  aboA'e ;  H^  the  leaf  surface ;  i  and  la,  two 
sagittate  lobes  which  branch  sympodially  in  the  respective  series  a,  3,  4,  5,  6,  7  and  aa,  30,  4a,  5a,  6a,  7a,  8a. 
Reduced. 

Basal  Laminar  Growth.  The  leaves  of  some  Monocotyledones  have 
a  lamina  in  which  growth  persists  at  its  lower  end.  In  this  way  there  arises 
a  sagittate  leaf,  such  as  we  find  in  Sagittaria  and  some  Aroideae.  This 
growth  is  particularly  striking  in  cases  where  a  branching  appears,  as  it  does 
in  Helicodiceros,  Helicophyllum,  Dracunculus,  Sauromatum,  and  others.  In 
Fig.  209  we  have  a  representation  of  the  remarkable  formation  of  the  leaf 
in  Helicodiceros.  At  first  sight  it  would  appear  as  if  two  radial  leafy  shoots 
were  springing  from  the  base  of  the  leaf.     In  reality  the  leaf-lamina  has 


^  Their  significance  was  fixst  recognized  by  Duval- Jouve,  Histotaxie  des  families  des  Gramin^es, 
in  Annales  des  sciences  natnielles,  s^r.  6,  i  (1875). 
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two  lobes,  I  and  la,  which  would  make  it  a  sagittate  leaf,  as  in  many  other 
Aroideae,  were  they  to  remain  simple.  But  they  branch  sympodially,  that 
is  to  say  a  branch,  a,  arises  out  of  the  base  of  branch  i,  branch  3  arises  out 
of  branch  2,  and  so  on.  But  these  branches  are  not  spread  out,  as  in  Sauro- 
matum,  in  one  plane,  but  are  twisted  in  a  ladder-like  spiral,  so  that  the  leaf- 
lobes  appear  as  if  they  were  arranged  around  a  central  axis.  But  this 
apparent  axis  is  only  the  thickened  outer  margin  of  the  base  of  the  suc- 
cessive lobes — an  interesting  example  of  how  definite  parts  of  the  leaf 
become  more  strongly  constructed  in  proportion  as  they  have  stronger 
mechanical  claims  made  upon  them.  There  can  be  little  doubt  that  such 
a  special  leaf-configuration  has  some  biological  significance  if  we  could  only 
discover  it.  This  much  is  clear,  that  the  whole  leaf-surface  occupies 
a  smaller  area  than  would  be  the  case  if  the  leaf-branches  were  spread  out 
in  one  plane,  and  that  the  spiral  arrangement  prevents  shading  by  the 
leaf-lobes  as  they  rise  above  the  original  leaf-surface.  The  small  space 
which  the  leaf-surface  occupies  may  be  connected  with  the  denser  arrange- 
ment of  the  leaves  and  the  shorter  length  of  the  leaf-stalk  compared  with 
other  forms  like  Sauromatum.  At  least  I  have  found  that  other  Aroideae 
with  a  sympodially  branching  leaf  form  only  one  or  few  leaves,  which  are 
raised  free  upon  long  leaf-stalks,  whilst  in  Helicodiceros  the  leaves  stand 
close  together  and  have  relatively  short  stalks. 

Perforate  and  Split  Leaves  of  Aroideae.  Many  other  Aroideae 
are  distinguished  by  remarkable  formation  of  their  leaves.  The  leaves  of 
Anadendrum  medium  (Part  I,  Fig.  97)  are  distinguished  by  the  formation 
of  holes  in  the  lamina,  and  also  by  the  development  of  lobes  which  are  like 
pinnules.  The  construction  of  the  leaf  here  may  be  reached  in  much  the 
same  way  as  in  Monstera  deliciosa^  and  its  allies,  where  the  tissue  lying 
between  the  nerves  lags  behind  in  growth  and  dries  up.  If  this  dying-off 
tissue  lies  near  the  laminar  margin,  and  this  be  thin,  it  splits  outwards  into 
limited  strips  of  tissue,  and  thus  arises  a  feather-like  lobed  leaf;  if  the  splits 
take  place  further  within  the  laminar  margin  there  is  a  hole.  The  bio- 
Ic^cal  significance  of  this  splitting  of  the  leaf-lamina  will  be  noticed  below. 
In  the  pinnatifid  or  pinnate  leaves  of  species  of  Philodendron  there  is  no 
formation  of  holes,  but  only  of  lobes  through  the  stronger  growth  of  single 
marginal  portions  of  the  lamina,  and  in  those  species  of  Anthurium  which, 
like  A.  digitatum,  have  compound  digitate  leaves,  the  leaflets  arise  as 
branchings  from  the  leaf-primordium  in  basipetal  succession. 

Leaves  of  Palms.  The  leaves  of  palms  require  special  notice. 
Many  of  them  are  the  largest  leaves  which  we  know  of.  The  segmentation 
of  the  leaves  is  no  doubt  connected  with  their  size,  and  so  also  is  their 
possession  of  a  strong  leaf-stalk,  and  in  many  cases  of  a  massive  midrib. 


*  See  Engler,  Araccae,  in  Engler  and  Pranti,  Die  natiirlichen  Pflanzenfamilien,  ii.  3,  p.  104. 
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Where  the  leaf-lamina  is  membered  this  is  not  the  result,  as  is  usual^  of  the 
branching  of  an  originally  simple  primordium,  but  is  a  consequence  of  the 
splitting  of  an  originally  entire  leaf-surface.  We  have  cases  analogous  with 
this  amongst  other  Monocotyledones,  for  example  in  Musa,  whose  leaves  are 
easily  torn  into  isolated  lobes  fastened  to  the  thick  midrib.  In  Musa 
external  factors,  especially  the  wind,  bring  about  the  partition,  but  in  other 
Monocotyledones,  as,  for  example,  Cyclanthus  bipartitus,  the  splitting  is  a 
consequence  of  the  tensions  arising  in  the  process  of  the  unfolding  of  the 
leaf.  Formerly  the  division  of  the  palm-leaves  also  was  considered  to  be 
the  consequence  of  mechanical  splitting,  but  investigation  of  the  history  ot 
development  has  shown  that  this  is  incorrect.  The  splitting  in  the  palm- 
leaves  is  due  to  the  death,  at  a  more  or  less  early  period,  always  before  the 
unfolding  of  the  leaf,  of  definite  portions  of  the  tissue,  or  it  may  be  that  it  is 
mucilaginous  d^eneration  of  the  cell-walls  of  the  tissue  which  brings  about 
the  separation.  The  splitting  of  the  leaf-surfece  is  therefore  from  the  first 
prepared  for.  Two  types  of  palm  are  commonly  distinguished  by  the  form 
of  the  leaf,  Xh^  fan-palms  and  th^  feather-pahns  \  in  both  the  leaf  diverges 
from  the  usual  type  of  Monocotyledones,  and  it  is  easily  shown  that  the 
deviation  stands  in  relation  to  the  increase  in  size. 

LEAF  OF  FAN-PALMS.  Let  US  Start  With  the  leaf  in  fan-palms,  because 
it  is  much  nearer  the  primary  form  of  leaf  in  the  Monocotyledones.  The 
fan-like  folding  of  the  leaves  has  the  same  mechanical  significance  as  the 
folded  paper  of  a  fan,  that  is  to  say,  the  leaf-surface  is  kept  expanded 
without  much  expenditure  of  material  ^  Were  it  flat  it  would  be  ruptured 
by  its  weight,  or  very  strong  ribs  would  be  required.  The  same  principle  of 
construction  is  repeated  in  the  pinnules  of  the  feather-palms,  which,  at  least 
at  their  base,  are  often  folded  into  channels.  The  folding  of  the  leaf-lamina 
begins  at  a  very  early  period  in  the  leaf-primordium,  and  this  has  led  to 
some  misunderstanding^. 

If  a  fan-leaf  is  to  reach  a  considerable  size,  the  several  rays  of  the  fan 
must  diverge  from  one  another  at  their  apex ;  at  the  base  this  is  not  well 
possible  on  mechanical  grounds.  The  construction  is  reached  thus : — The 
upper  portion  of  the  primordium  of  the  leaf  which  has  not  taken  a  share  in 
the  folding  dies  off;  thereby  room  is  provided  for  the  divergence  of  the 
folds,  and  the  points  of  the  several  rays  also  separate  from  one  another  more 
or  less  far.  The  separation  takes  place  at  a  varyingly  early  period  in 
different  palms.     In  Pritchardia  filifera  the  upper  angles  of  the  folds  which 


^  The  same,  although  less  noticed,  is  the  case  in  the  liliaceons  Curcniigo,  which  has  thin  not 
flatly  expanded  leaves. 

'  Nanmann's  statements,  in  Beitrage  zur  Entwickelungsgeschichte  der  Palmenblatter,  in  Flora, 
Ixx  (1887),  are  for  example  erroneous.  See  Deinega,  Beitrage  zur  Kenntniss  der  Entwicklungs- 
geschichte  der  Bltltter  und  der  Anlage  der  Gefassbiindel,  in  Flora,  Ixxxv  (1898).  The  literature  is 
cited  here. 
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are  already  provided  with  vascular  bundles  die  off,  and  one  can  see  the 
ruptured  strips  of  tissue  as  long  brown  threads  hanging  on  the  unfolded 
leaves.  In  Chamaerops  the  separation  takes  place  much  earlier,  whilst  the 
tissue  of  the  leaf  has  still  somewhat  of  an  embryonal  character,  and  it  is 
brought  about  by  the  mucilaginous  degeneration  of  the  cell-walls  just  as 
it  is  in  Rhaphis  and  the  feather-leaved  Cocos.  Archontophoenix  which  has 
feather-leaves  furnishes,  as  it  were,  a  transition  between  these  two  methods 
of  separation,  for  in  it  the  strips  of  leaf-tissue,  which  die  off  in  the  process 
of  unfolding  of  the  leaf,  are  from  the 
first  laid  down  as  thinner  layers  than 
the  rest  of  the  leaf-tissue..  The  seed- 
lings of  almost  all  fan-palms^  have 
the  ordinary  leaf-form  of  monocotylous 
plants,  the  veins  running  with  a  curved 
course  and  not  diverging  at  the  tip 
(Fig.  210). 

LEAF  OF  FEATHER-PALMS.  We 
must  next  speak  of  the  feather-palms. 
The  pinnation  here  is  likewise  the  result 
of  a  splitting,  not  of  a  branching,  of  the 
leaf-surface.  Let  us  consider  first  of 
all  the  primary  leaves  of  Phoenix. 
Here  we  find  leaves  which  resemble  the 
ordinary  ones  of  Monocotyledones,  ex- 
cept in  having  slightly  expressed  folding 
of  the  lamina  (Fig.  aio).  At  the  base, 
and  at  first  limited  to  the  base,  of  the 
leaf  there  is  formed  a  stronger  middle 
portion,  which  gradually  involves  a  larger  portion  of  the  primordium  of  the 
leaf  and  becomes  a  strong  midrib.  The  leaf-surface  separates  then  into  single 
segments.  That  this  procedure  begins  at  the  base  of  the  primary  leaves 
is  a  consequence  of  the  intercalary  growth  of  the  leaf  (Fig.  210). 

Thus,  starting  from  the  ordinary  leaf  of  Monocotyledones,  we  obtain  an 
altogether  different  form  of  leaf,  and  we  may  recognize  the  following  stages 
of  development  which  lead  from  an  entire  leaf-surface  to  a  divided 
one: — 

(i)  The  splitting  takes  place  in  expanded  leaves  under  the  influence  of 
external  factors,  such  as  wind  and  rain.  We  find  this  in  Musa,  and  the 
function  of  the  leaf  is  not  interfered  with  by  the  splitting.     In  Heliconia 


Fig.  310.  I  and  II,  Phoenix  canarienmt. 
Primary  leaves.  Ill  and  iV,  Chamaerops  excelsa. 
Primary  leaves.    On&«txth  natural  sice. 


•  In  many  palms  the  first  leaf  is  divided.  See  Pfitrer,  Uber  Friichte,  Keimnng,  und  Jugendznst'ande 
einigcr  Palmen,  in  Berichte  dcr  dcntschen  botanischen  Gesellschaft,  iii  (1885),  p.  33.  The  literature 
is  cited  here. 
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dasyantha  Karsten  ^  found  that  there  is  a  special  arrangement  which  brings 
about  a  splitting  of  the  leaf-lamina  under  the  influence  of  raindrops. 
A  marginal  strip  of  the  leaf-tissue  dies  away  before  the  middle  portion  has 
reached  its  complete  growth,  and  in  this  way  tensions  arise  which  cause 
the  splitting  of  the  lamina  when  rain  falls  upon  it. 

{%)  The  splitting  takes  place  during  the  unfolding  of  the  leaf  by  tensions 
within  it,  as  in  Cyclanthus  bipartitus. 

(3)  The  points  of  separation  are  prepared  in  the  bud  by  the  dying-off 
or  by  the  mucilaginous  degeneration  of  cells.    This  is  foimd  in  palms. 

RADIAL   AND    BILATERAL   LEAVES. 

In  the  preceding  cases  we  have  dealt  with  the  leaves  of  monocotylous 
plants  in  which  the  ordinary  horizontal  expansion  is  observed.  A  number 
of  leaves,  however,  in  Monocotyledones,  have  a  profile  or  vertical  position, 
and  they  are  then  either  radial  or  bilateral.  Species  of  Juncus,  for  example, 
have  radial  leaves  which  were  formerly  considered  to  be  shoots  because  of 
their  external  resemblance  to  shoots,  and  because  their  internal  structure 
is  like  that  of  shoots  2.  We  find  radial  leaves  also  in  some  species  of 
Allium.  Iris  supplies  a  specially  good  illustration  of  bilateral  leaves,  yet 
they  have  frequently  given  rise  to  controversy,  and  even  in  works  of  the 
most  recent  date  we  may  read  that  'the  leaves  of  the  Iris  have  taken 
their  present  form  by  concrescence  of  the  two  leaf-surfaces  upwards  V — 
and  this  on  the  ground  of  anatomical  investigation. 

Leaf  of  Iris.  The  developmental  history  of  the  sword-like  leaves  of 
Iris  is  as  follows : — 

The  primordium  of  the  leaf  has  the  normal  form,  and  when  it  first  appears  does 
not  embrace  the  stem  (Fig.  211,  A,  If^);  but  this  it  soon  does  (Fig.  2iiyA,d^,  The 
primordial  leaf  grows  now  like  an  ordinary  primordium.  Its  apex  (Fig.  211^  A,  a) 
should  become  the  apex  of  the  leaf-lamina,  but  it  is  found  to  be  subsequently  at 
the  position  where  the  leaf-lamina  passes  over  into  the  leaf-sheath  (Fig.  211,  B^a), 
This  *  displacement '  is  explained  by  the  developmental  history.  The  primordium 
acquires  soon  a  growth  in  surface,  and  retains  therefore  a  cap-like  configuration 
(Fig.  211,  A,  ^3).  Upon  its  back  the  growth  in  surface  is  the  strongest,  and  here  at 
one  position  the  character  of  the  vegetative  point  is  retained  (Fig.  211,  A,  s  in  the 
fourth  unnumbered  primordium),  and  the  keel  of  the  leaf-primordium  grows  out 
into  the  primordium  of  its  *  sword-like '  lamina.  This  lamina  is  hollow  only  where 
it  passes  into  the  sheath,  in  its  other  part  it  is  from  the  beginning  a  solid  plate 
of  tissue.    There  are  on  the  primordium  of  the  leaf  then  now  two  apices — the 


'  Mentioned  by  Stahl,  RegenfaU  nnd  BUttgestalt,  in  Annates  da  Jardin  botaniqne  de  Buitenzorg, 
n  (1893). 

'  They  have  an  evident,  although  small,  leaf-sheath,  and  arise  laterally  on  the  vegetative  point. 

•  Massart,  La  recapitulation  el  Tinnovation  en  embryog^nie  v^g^tale,  in  BuUetins  de  la  Soci^t^ 
Royale  de  Botanique  de  Belgique,  xxiii  (1894),  p.  35a :  *La  feuille  d'lris  . . .  doit  €tre  considdr^ 
phylog^niquement  comme  le  produit  de  la  soudure  des  deux  moiti^  de  la  feuille  par  leur  face  sup^- 
rieure.*     I  hold  this  to  be  an  impossible  view. 
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original  one,  a,  and  the  new  one,  s.  The  laminar  primordium,  s^  soon  acquires  an 
actual  terminal  position,  and  the  transition  to  this  is  shown  in  the  larger  leaf 
represented  in  Fig.  211,  -^,  where  the  leaf-base  which  develops  later  into  Uie  leaf- 
sheath  is  marked  off  from  the  laminar  primordium  by  a  dotted  line.  The  laminar 
primordium  has  indeed  still  a  lateral  position,  but  its  middle  line  is  raised  up 
already  about  45°,  and  the  original  apex,  a,  has  assumed  a  lateral  position. 

This  kind  of  leaf-development  finds  an  interesting  parallel  in  that  of  the  genus 
Fissidens  amongst  the  Musci\ 
In  this  genus  the  leaf-lamina  arises 
also  as  a  wing-like  outgrowth  of 
the  original  leaf-primordium,  and 
as  in  Iris  this  formation  of  wing  ^ 
proceeds  in  Fissidens  from  the 
back  of  the  keel  of  the  leaf-prim- 
ordium. The  two  sides  of  the 
leaf-primordium  share  equally  in 
this  from  the  first,  so  that  we  need 
not  wonder  that  in  the  anatomical 
structure,  especially  in  the  course 
of  the  vascular  bundles,  these  sides 
are  both  indicated.  Neither  in  the  ontogenetic  nor  phylogenetic  sense  can  we 
speak  of  the  'concrescence'  of  two  leaf-surfaces  here,  as  a  comparison  with  the 
radial  leaves  of  Juncus  and  Allium  will  readily  show,  for  their  origin  resembles  in 
all  essentials  that  of  the  leaves  of  Iris. 

The  few  cases  of  peltate  leaves  in  Monocotyledones  will  be  spoken 
of  when  other  peltate  leaves  are  discussed  below. 


PlO.  311.  Iris  variegata.  Development  of  leaf.  ^,  vtt^eta- 
tive  point,  v,  dinsected  oat,  showing  four  leaf-primordia ;  ^  ^, 
and  6h  are  numbered ;  bi  is  the  youngest.  The  point  marked  a 
is  the  highest  point  in  the  pHmordia,  but  it  becomes  the  mx. 
of  the  leaf-sheath.  The  point  s  becomes  the  tip  of  the  lamina. 
B^  an  older  leaf;  lettering  as  before.    Magnified. 


3.   DiCOTYLEDONES. 
BRANCHING   OF   THE   LEAF. 

In  Dicotyledones  the  segmentation  of  the  leaf  always  depends  upon 
a  branching  of  the  primordium,  and  this  always  starts  from  its  margins, 
which,  however,  are  often  bent  upwards,  so  that  it  looks  as  if  the  inception 
of  the  lateral  members  was  upon  the  upper  side.  The  origin  of  lateral 
members  takes  place  after  the  following  chief  types : — 

I.  Dichotomy  : — A  division  of  the  vegetative  point  of  the  leaf,  such  as  we  find 
in  Filices,  relatively  seldom  takes  place,  but  is  found  in  Utricularia ',  Ceratophyllum 
demersum  \  and  also  in  Drosera  binata  and  D.  pedata,  which  have  dichotomously 


»  Sec  p.  137. 

'  See  also  what  is  said  about  the  fonnation  of  a  wing  on  the  back  of  the  leaf  of  Phormium  (p.  300). 
If  these  wing-like  growths  arise  very  early  we  should  get  the  form  of  Iris.  Perhaps  there  are 
transitions  between  the  form  of  Iris  and  of  Phormium. 

'  Goebel,  Morphologische  und  biologische  Studien :  V.  Utricularia,  in  Annales  du  Jardin  botanique 
de  Bnitenzorg,  ix  (1891). 

^  Massart,  La  recapitulation  et  Tinnoyation  en  embryog^nie  v^^ale,  in  Bulletins  de  la  Soci^t^ 
Royale  de  Botanique  de  Belgique,  xxiii  (1894). 
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branched  leaves.     This  method  of  branching  is  only  possible  in  leaves  with 
prolonged  apical  growth. 

2.  Monopodium : — Lateral  branching  occurs  after  the  following  types  : — 

(a)  Acropeial  Development,  All  the  branches  of  the  leaves  arise  in  serial  acropetal 
succession,  as  in  the  Umbelliferae,  Papilionaceae,  Mimoseae,  Caesalpinieae,  Sam- 
bucus  Ebulus,  and  others.  The  leaf-apex  itself  passes  at  an  early  period  into  the 
permanent  condition,  but  below  this  there  remains  an  embryonal  zone  on  which 
in  acropetal  succession  the  lateral  parts  appear.  On  this  account  Sonntag  reckons 
them  as  belonging  to  an  intercalary  type,  but  as  a  matter  of  fact  the  several  types 
are  not  sharply  limited. 

(p)  Basipetal  Development    The  youngest  leaf-segments  are  the  lowermost, 

as  in  Myriophyllum,  Hot- 
tonia,  Rosa,  Potentilla 
anserina,  Sambucus  nigra 
of  pinnate  forms,  Hel- 
leborus  foetidus  and  all 
digitate  forms. 

(^)  Divergent  Deve- 
lopment. The  branching 
here  proceeds  from  one 
position  of  the  primor- 
dium  upwards  and  down- 
wards, as  in  Achillea  Mil- 
lefolium, the  leaf-teeth  of 
Ulmus,  and  others. 

The  course  of  deve- 
lopment in  nearly  allied 
plants  varies,  for  example 
in  pinnate  leaves  it  is 
sometimes  acropetal, 
sometimes  basipetal,  so 
that  this  difference  is  not 
of  very  great  importance. 

The  question  of 
Sympodimn: — In  some 
Dicotyledones  a  partially 

cnuisverae  tection.     Kach  leaf  has  three  condactin£  bandies,    i?,  the  same  ,.   , 

higher  up-    F,  leaf.stalk  in  transverse  section.    TTic  6gure8  /,  //,  ///.  IV,        Sympodial       COnStrUCtlOn 

^^Vr^n  aU  the  figures  indicate  the  bundles  of  successive  age.     After       ^^  ^^^  ^^^  ^^  ^^^   ^ 

sumed,  of  the  same  cha- 
racter as  that  which  we  have  observed  in  the  Aroideae,  but  most  of  these  cases 
are  *  palmatifid '  leaves,  with  basipetal  evolution  of  the  leaf-lobes.  In  the  leaf  of 
Acer  platanoides,  which  is  shown  in  Fig.  212,  C,  there  are,  for  example,  five  chief 
lobes  present,  one  in  the  middle  and  two  at  each  side.  Fig.  212,  ^,  shows  how 
the  lobes  arise  in  basipetal  succession,  but  one  may  interpret  the  procedure  as  that 
only  two  lateral  lobes  exist,  from  which  then  the  two  lower  ones  shoot  out  as 


PiQ.  2\2,  Acer  platanoides.  A^  bud  dissected  out.  showin?  two  young 
leaves ;  «/,  stem  ;  j^,  lamina  with  five  segments.  B,  older  leaf  from  the 
8id&  showing  the  course  of  the  conducting  bundles.  C,  scheme  of  the  course 
of  the  conducting  bundles  in  the  mature  leaf.  Z7.  basal  portion  of  a  bud  in 
transverse  section.     Bach  leaf  has  three  conducting  bundles.    B.  the  a 
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members  of  the  second  order*.  It  is  extremely  difficult  to  follow  here  the  history 
of  development,  and  to  say  whether  these  lobes  arise  directly  out  of  the  leaf- 
primordium  as  members  of  the  first  order  or  not.  That  leaf-lobes  branch  frequently 
only  upon  their  outer  side  is  very  common.  If  the  leaf  of  Chelidonium,  shown 
in  Part  I,  Fig.  73,  were  cut  through  beneath  the  upper  pinnule  a  five-lobed  leaf 
would  result,  but  its  two  lower  lobes  are  outgrowths  of  the  lateral  ones.  I  do 
not  see,  however,  why  one  should  call  such  a  leaf  cymose,  because  the  several 
members  of  the  leaves  are  not  at  all  separated  from  one  another  and  the 
notion  of  'cymose  branching'  is,  therefore,  not  really  applicable.  The  whole 
question  may  be  of  importance  if  we  are  dealing  with  the  derivation  of  the  leaf-forms 
within  one  cycle  of  affinity.  For  the  general  organography  it  appears  to  me  to  be  of 
little  importance.  Prantl  certainly  goes  too  far  when  he  says '  of  Achillea  Mille- 
folium that  the  segments  arising  basipetally  in  the  leaf  may  be  regarded  as  '  shoot- 
ing from  one  another,*  and  that  the  leaf  in  its  under  portion  is  cymose.  Here  the 
history  of  development  shows  that  the  pinnules  arising  basipetally  shoot  out  from  a 
marginal  zone  which  remains  meristic,  whilst  in  the  inner  portion  of  the  leaf 
differentiation  of  the  tissue  has  already  begun  as  the  appearance  of  intercellular 
spaces  first  indicates.  The  pinnules  are  as  elsewhere  outgrowths  of  the  margin  of 
the  leaf  bent  somewhat  upwards.  I  have  found  no  indication  that  would  suggest  a 
genetic  relationship  of  these  one  to  another. 

Interruptedly  Pinnate  Leaves.  Interruptedly  pinnate  leaves, 
that  IS  to  say,  leaves  in  which  the  pinnules  are  alternately  of  a  very 
different  size,  may  also  be  considered  to  be  sympodial.  Examples  of  these 
we  find  amongst  the  Solanaceae,  as  in  Solanum  tuberosum,  Rosaceae,  as 
in  Spiraea  Filipendula,  species  of  Geum,  Potentilla  anserina,  and  others  ^. 
It  has  been  shown*  that  the  small  pinnules  fill  up  the  spaces  between  the 
larger,  and  an  analogy  may  be  found  within  the  class  of  Algae.  Here  we 
have  only  to  notice  the  origin  of  these  small  pinnules.  They  might  be 
regarded  as  lateral  leaflets  of  the  leaflets  of  the  first  order  which  have  been 
displaced  upon  the  leaf-spindle.  But  the  history  of  the  development,  so  far 
as  it  is  known,  is  in  the  direction  of  showing  that  they  are  independent 
formations.  Their  inception  takes  place  later  than  that  of  the  larger  leaf- 
lets, and  in  this  we  have  an  interesting  parallel  case  with  that  of  the 
alga  Euptilota  Harveyi  (Part  I,  Figs.  46,  80).  It  is  easy  to  convince  oneself 
that  the  larger  pinnules  also  arise  earlier  than  the  small  ones  standing  oppo- 


'  In  support  of  this  one  might  appeal  to  the  coarse  of  the  vascular  bundles.  Three  chief  veins 
enter  the  leaf;  one,  /,  in  the  middle,  and  one  upon  each  side  of  it,  //and  ///.  The  vascular  bundles 
IV  and  y  unite  in  the  leaf-base  Mrith  //  into  one  strand,  and  we  may  suppose  that  the  leaf-lobes 
behave  likewise. 

*  Prantl,  Studien  iiber  Wachsthum,  Verzweigung  und  Nervatur  der  Laubblatter,  insbesondere  der 
Dicotylen;  in  Berichte  der  deutschen  botanischen  Gesellschaft,  i  (1883),  p.  28a 

'  Also  Reseda  alba  according  to  Sonntag,  Uber  Daner  des  Scheitelwachsthums  und  Entwicklungs- 
geschichte  des  Blattes,  in  Pringsheim's  Jahrbiicher,  xviii  (1887),  p.  347. 

*  See  Part  I,  p.  127. 


Digitized  by 


Goo^^ 


332  LEAF  DEVELOPMENT  IN  PTERIDOPHYTA  AND  SPERMOPHYTA 

site  to  them.  I  regard  the  small  pinnules  as  reduced  leaflets  of  the  first 
order,  probably  the  result  of  correlation,  but  not  as  intercalated  new  forma" 
tions  as  has  been  assumed.  For  this  interpretation  *  we  have  support  in 
the  fact  that  these  interposed  leaflets  may  be  entirely  absent  in  feebly 
developed  leaves,  for  example  those  of  the  potato. 

Relation  of  the  Pinnate  to  the  Digitate  Leaf.  Relatively 
small  differences  in  the  distribution  of  the  growth  upon  one  and  the  same 
primordium  may  bring  about  leaf-forms  which  are  outwardly  very  different. 
Let  us  suppose,  for  example,  that  on  one  leaf-primordium  there  are  produced 
upon  each  side  five  lateral  primordia.  From  this  would  develop  a  leaf 
with  five  marginal  projections  if  the  lamina  itself  is  strong  in  growth  and  the 


Fig.  213.  I,  Limnophila  heterophylla.  Apex  of  shoot  seen  from  above.  3,  Alcbemilla  nivalis.  Apex  of  shoot 
seen  from  above  ;  a  yovmg  primordium  of  a  leaf  seen  to  the  left  upper  side  of  apex,  the  older  leaves  are  deeply 
divided  into  leaflets,  tn  the  outer  two  the  ring-like  sheath-portion  is  formed.    Magmfied. 

lateral  primordia  grow  less  strongly.  If  now  the  laminar  portion  between 
the  lateral  primordia  grows  strongly  in  length  and  less  in  breadth  *,  and  the 
base  of  each  lateral  primordium  grows  similarly,  a  pinnate  leaf  will  result, 
but  if  the  laminar  portion  scarcely  grows  further  between  the  lateral 
primordia  then  the  leaf  will  be  digitate.  As  a  matter  of  fact  pinnate  and 
digitate  leaves  do  not  differ  essentially  one  from  the  other.  In  Aesculus 
Hippocastanum,  for  example,  we  usually  find  digitate  leaves,  but  occasionally 
they  are  pinnate. 

Single  Branched  Leaves  as  apparent  Whorls.  Segmented 
leaves  which  have  no  stalks  and  are  deeply  divided  have  a  somewhat 
peculiar  aspect.  The  single  leaf-lobes  then  take  on  the  appearance  of 
independent  leaves  and  are  partly  also  described  as  such.  These  cases  have 
some  biological  interest  and  therefore  two  examples  are  referred  to  here : — 


^  It  has  to  be  proved  whether  in  cases  like  Spiraea  Filipendola  the  first  view — that  these  smaU 
leaflets  are  displaced  lateral  leaflets— which  seems  to  me  to  have  been  hitherto  lost  sight  of,  is  correct. 
A  drawing  by  Massart,  La  r^capitnlation  et  Tinnovation  en  embiyog^iie  v^g^tale,  in  Bulletins  de 
la  Sodit^  Royale  de  Botanique  de  Belgiqne,  PI.  II,  Fig.  33,  supports  it.    Possibly  both  cases  occur. 

'  The  transition-forms  between  toothed  and  pinnatifid  and  pinnate  leaves  as  they  occur,  for 
instance,  in  Scabiosa  Columbaria,  tell  the  same  story  (Fig.  a  a  8). 


Digitized  by 


Goo^^ 


SINGLE  BRANCHED  LEAVES  AS  APPARENT  WHORLS     333 

Alohemilla  nivalis.  Alchemilla  nivalis  is  a  plant  of  the  high  Andes.  It 
possesses  apparently  whorled  leaves  which  are  concrescent  below  into  a  sheath.  In 
reality  the  whorl  of  leaves  is  a  single  leaf,  as  may  be  concluded  from  the  fact  that 
the  leaves  of  the  false  whorl  do  not  alternate  (Fig.  213,  2).  Each  leaf-primordium 
is  at  first  laid  down  singly  on  the  side  of  the  vegetative  point,  which  it  soon 
surrounds  as  a  ring.  This  primordial  ring  itself  re- 
mains in  an  arrested  state,  while  the  leaf-lobes  which 
shoot  out  of  it  appear  in  descending  serial  succes- 
sion, and  these  all  attaining  to  about  the  same  size 
they  appear  as  a  false  leaf-whorl.  The  foliage-leaves 
of  this  species  of  Alchemilla  are  produced  in  quite 
the  same  way  as  the  hypsophylls  of  other  species 
of  Alchemilla  which  have  stalked  leaves  with  usually 
a  well-formed  leaf-lamina  \  The  stalk  remains 
unformed,  the  sheath  is  strongly  developed,  and  it 
grasps  round  the  vegetative  point.  We  may  un- 
derstand the  biological  significance  of  this  leaf- 
formation  in  some  measure  if  we  reflect  that  the 
young  portions  of  the  shoot  are  perfectly  protected 
by  the  leaf-sheaths,  which  are  inserted  one  into  the 
other,  and  the  small  leaf-pinnules  are  in  response 
to  the  physiologically  xerophilous  station. 

laimnophila  heterophylla.  The  second  ex- 
ample is  that  of  a  marsh-plant,  Limnophila  hetero 
phylla.  Its  submerged  shoot-portions  bear  leaves 
in  an  apparent  whorl  (Fig.  214),  whilst  the  ends  of 
the  shoots  above  water  have  the  leaves  arranged  in 
decussate  dimerous  whorls.  The  history  of  develop- 
ment (Fig.  213,  i)  shows  that  the  water-leaves  also 
appear  in  dimerous  whorls,  the  leaves  in  each  whorl 
soon  uniting  together  into  a  ring-wall.  Each  leaf 
forms  in  descending  succession  numerous  leaf-lobes 
which  again  may  branch.  As  we  pass  upwards  on 
the  shoot  the  middle  lobe  of  each  leaf  is  at  first 
larger  than  the  lateral  ones,  and  then  the  formation  of  the  lateral  ones  is  gradually 
entirely  suppressed  or  reduced  to  mere  marginal  leaf-teeth  in  the  aerial  leaves.  We 
shall  refer  to  this  plant  again  when  speaking  of  the  biological  significance  of  leaf- 
forms. 

PELTATE   LEAVES ^ 

By  peltate  leaves  we  understand  those  in  which  the  lamina  does  not 
expand  directly  out  of  and  in  line  with  the  leaf-stalk,  but  grows  out  over 
the  stalk.    Where  this  form  is  developed  we  always  find  upon  the  upper 


Fig.  314.  Limnophila  heterophylla. 
Water-leaves  and  air-Ieaves  and  tran- 
sition-forms.   One-half  natural  size. 


*  See  Goebel,  Pflanienbiologische  Schilderungen,  ii  (1893),  p.  33.    Alchemilla  is  figured. 

*  See  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch 
der  Botanik,  iii  (1884),  P«  234.    A  picture  of  the  peltate  leaves,  without  reference  to  the  recent 
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(dorsal)  side  of  the  leaf,  close  to  the  position  where  the  stalk  is  originally 
fixed  to  the  lamina,  a  zone  of  the  young  leaf,  which  shares  in  the  formation 
of  the  lamina.  It  is  only  in  cotyledons  and  some  kataphylls,  hypsophylls, 
and  stamens  ^  that  we  find  upon  the  under  (venti*al)  side  of  the  leaf  an 
outgrowth  which  prolongs  the  lamina.  De  Candolle  has  in  accordance  with 
these  facts  divided  such  leaves  into  epipeltate  and  hypopeltate 
forms.  In  the  hypopeltate  forms  the  construction  is  mainly 
(leaving  out  of  account  the  case  of*  versatile '  anthers)  directed 
to  the  provision  of  means  of  protection. 

Peltate  Kataphylls.  The  kataphylls  of  some 
species  of  Asparagus  afe  peltate,  and  furnish  an  efficient 
protection  to  the  shoot-bud.  In  most  cases  of  this  kind 
these  kataphylls  fall  away  later  ;  they  are  merely  protective 
organs.  But  in  Asparagus  comorensis  (Fig.  215),  the  out- 
growth of  the  under  side  of  the  leaf  becomes  a  hard  thorn 
or  hook  projecting  from  the  shoot-axis,  and  is  used  as  a 
climbing-organ. 

Peltate  Stamens.  The  pollen-sacs  of  Juniperus  are 
protected  by  an  outgrowth  of  the  scale-like  lamina  of  the 
covering  leaf,  and  this  I  have  compared  with  an  indusium  ^. 
Peltate  Cotyledons.  Where  we  find  peltate  coty- 
ledons, as  in  the  grasses,  the  object  is  to  provide  a  contact- 
surface  with  the  endosperm.  The  short  *  radicle '  of  the  oak 
is  invested  by  the  cotyledons,  which  grow  out  below  and 
protect  it. 

Peltate  Foliage-Leaves.  The  biological  signifi- 
cance of  the  peltate  foliage-leaves  is  less  clear.  We  have 
first  of  all  to  recognize  two  groups — the  short-stalked  and 
the  long-stalked : — 

Short-stalked  peltate  foliage-leaves,  I  only  know  of 
such  leaves  in  some  epiphytic  species  of  Trichomanes, 
T.  Hildebrandtii  ^  T.  peltatum,  and  T.  Motleyi*,  but  in 
the  last-named  all  the  leaves  are  not  always  peltate.  When 
we   recollect  that    in   other  species  of  Trichomanes,   for 


Fig.  215.  Aspara. 
gtts  comorensis.  Tu- 
rk) with  peltate  ka- 
taphylls ;  the  lower 
part  of  each  kata- 
phyll  stands  out  later 
from  the  shoot, 
hardens,  and  be- 
comes a  climbing- 
thorn. 


literatore  of  development,  is  given  by  C.  de  Candolle,  Snr  les  fenilles  pelt^es,  in  Bulletin  des  travanx 
de  la  Soci^t^  botaniqae  de  Geneve,  1898-99. 

^  I  have  pointed  out,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk*s 
Handbnch  der  Botanik,  iii  (1884),  that  stamens  with  versatile  anthers  conform  with  peltate  leaves 
in  their  method  of  formation. 

'  Goebel,  Beitrage  zur  vergleichenden  Entwicklungsgeschichte  der  Sporangien,  in  Botanische 
Zdtung,  xxxix  (1881),  p.  703;  C.  de  Candolle,  Sur  les  phyllomcs  hypopelt^es,  in  Bulletin  des 
travanx  de  la  Sod^t^  botanique  de  Geneve,  1895-7. 

'  See  Giesenhagen,  Die  Hymenophyllaceen,  in  Flora,  Ixxiii  (1890),  p.  451. 

*  G.  Karsten,  Morphologische  und  biologische  Untersuchungen  iiber  einige  Epiphytenformen  der 
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example  T.  brachypus,  the  leaves  are  closely  adpressed  to  the  tree-bark, 
to  which  they  are  fastened  by  rhizoids,  and  that  many  of  the  Acrosticheae 
have  the  same  kind  of  leaves,  we  may  assume  that  the  peltate  form  is  of 
special  advantage  in  a  given  size  of  leaf-surface,  both  for  the  retention  of 
water  and  for  the  protection  of  the  delicate  stem,  which  in  the  cases  under 
notice  is  rootless. 

Long-stalked  peltate  foliage-leaves.  In  the  case  of  these  leaves  other 
considerations  have  to  be  looked  to.  In  the  first  place  the  size  of  the  peltate 
lamina  is  very  different  The  *  ideal '  peltate  leaf  would  be  one  with  a  stalk 
attached  in  the  middle  of  an  almost  circular  leaf-surface.  This  is  approached 
in,  for  example,  Nelumbium.  In  others,  like  many  species  of  Caladium,  the 
anterior  portion  of  the  leaf-surface,  which  has  grown  out  over  the  stalk,  is 
much  smaller  than  the  posterior.  Possibly  the  peltate  form  has  appeared 
in  these  later  than  it  has  done  in  cases  like  Nelumbium. 

Conditions  under  which  Peltate  Leaves  occur.  Peltate  leaves 
appear  in  plants  which  occur  under  very  different  conditions  of  life,  in  both 
water-plants  and  land-plants,  and  amongst  the  latter  in  succulents  like 
Umbilicus,  climbers  like  Tropaeolum  majus,  trees  like  Sterculia  platanifolia. 
These  leaves  are  sometimes  small,  as  in  Utricularia  peltata  where  they  are 
only  half  a  centimeter  in  diameter,  sometimes  relatively  very  large,  as  in 
Victoria  regia  where  they  may  attain  a  diameter  of  two-and-a-half  meters. 
They  are  almost  exclusively  found  in  plants  with  alternate  phyllotaxy,  only 
in  a  few  plants  with  opposite  leaves  are  they  known.  It  is  easy  to  understand 
this  from  the  biological  standpoint.  The  peltate  lamina  requires  in  its 
unfolding  more  room  than  others ;  frequently  the  laminae  are  supported 
upon  orthotropous  stalks,  and  would  cover  one  another  if  they  were  to  stand 
close  together  ^.  In  plants  with  creeping  rhizomes,  or  in  climbing  plants, 
the  peltate  leaf  appears  to  be  a  particularly  advantageous  method  of  placing 
the  leaf-surface  by  the  shortest  way  in  a  transverse  position  to  the  light,  and 
of  shading  the  adjacent  plants  which  appear  as  competitors  for  the  light- 
supply.  But  although  this  explanation  fits  many  peltate  leaves,  it  is  not 
possible  to  give  any  plausible  causal  explanation  of  their  origin.  We  can 
only  say  that  the  factors  mentioned  above  favour  their  origin.  Further, 
a  leaf  like  that  of  Geum  bulgaricum  (Fig.  81,  Part  I),  whose  lower  part  is  far 
overshadowed  by  the  terminal  lobe,  is  biologically  like  a  peltate  one.  A 
relationship  of  the  peltate  form  of  the  lamina  to  the  length  of  the  stalk  and 
to  the  position  of  the  leaves,  may  be  recognized  in  many  cases.  Whilst,  as 
in  Utricularia  peltata,  the  peltate  leaves  are  relatively  small  and  have  not 


Molokken,  in  Annales  du  Jardin  botaniqoe  de  Buitenzorg,  xii  (1895),  p.  127.    The  developmental 
history  of  the  leaves  is  given,  and  it  is  shown  that  as  the  apical  growth  of  these  species  ceases  early 
they  never  have  circinate  ptyxis. 
*  See  Part  I,  p.  114. 
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very  long  stalks,  we  find  allied  forms,  such  as  Utricularia  nelumbifolia,  with 
long-stalked  larger  peltate  leaves,  and  we  may  conclude  that  the  former  are 
perhaps  derived  from  originally  long-stalked  forms.  The  relation  between 
the  length  of  the  leaf-stalk  and  the  peltate  form  of  lamina  appears  also  in 
the  individual  development  of  many  plants.  In  Umbilicus  (Fig.  216)  the 
basal  leaves  are  long-stalked  and  peltate  and  somewhat  concave  above, 
whilst  those  upon  the  flowering  shoot,  especially  the  bracts,  are  not  peltate, 
and  appear  usually  as  ordinary  leaves  with  short  stalks.     We  find  the  like 

in  theberberidaceousDi- 
phylleia  cymosa,  where 
the  upper  short-stalked 
leaves  have  frequently, 
but  not  always,  lost,  or 
nearly  lost,  the  peltate 
form.  In  seedlings  also 
the  peltate  form  appears 
usually  in  the  primary 
leaves,  for  example  in 
Tropaeolum  majus,  T. 
minus,  and  Nelumbium, 
yet  I  have  found  fre- 
quently the  primary 
leaves  in  Umbilicus 
pendulinus  to  have  the 
usual  form,  and  in 
species  of  Drosera  with 
peltate  leaves,  there  is 
always  developed  first  of  all  a  rosette  of  leaves  of  the  ordinary  drosera- 
ceous  form. 


Fig.  316.  UmbilicaM  peodolinas.    /,  basal  roliag;e-leaf. 
higher  up.    ///and  /f^,  hypaophylls.    Natural  aize. 


//,  foliage-leaf 


It  is  characteristic  of  the  history  of  development  of  peltate  leaves  that  they  all 
belong  to  the  basipetal  type.  We  may  find  an  explanation  of  this  in  that  the 
peltate  form  owes  its  origin  to  a  process  of  development  at  the  base  of  the  leaf- 
lamina.  Moreover,  the  history  of  development  of  the  peltate  leaves  shows  funda- 
mentally no  other  growth-processes  than  are  to  be  observed  in  the  peltate  hairs, 
which  occur,  for  example,  in  ferns,  in  the  Elaeagnaceae,  and  elsewhere.  The  old 
explanation  that  the  peltate  leaves  were  the  result  of  a  concrescence  of  the  leaf- 
edges  projecting  above  the  leaf-stalk  is  erroneous.  Only  in  the  biological  sense  has 
it  any  pretensions  to  correctness  in  so  far  as  peltate  leaves  conform  essentially  in 
their  behaviour  with  cordate  leaves  and  other  forms  in  which  the  lower  leaf-edge 
projects  over  the  point  of  insertion  of  the  leaf-stalk. 

Many  peltate  leaves  are  evidently  derived  from  ordinary  leaves  which  originally 
possessed  a  richer  segmentation  of  the  leaf-lamina.  Segmentation  is  more  con- 
spicuous in  the  leaves  of  Hydrocotyle  vulgaris  when  they  are  in  a  juvenile  state 
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than  when  they  are  adult  ^,  and  the  same  is  the  case  in  Tropaeolum  majus  and 
T.  minus  whose  leaves  in  the  unfolded  condition  are  apparently  entire,  whilst  in  their 
juvenile  stages  they  recall  the  cut  leaves  of  Tropaeolum  aduncum  and  others.  To 
this  Massart  *  raises  the  objection  that  these  facts  are  found  also  in  Umbilicus,  whilst 
its  allied  genera  possess  leaves  which  in  all  stages  of  their  development  are  entire. 
He  overlooks,  however,  that  Bryophyllum  possesses  segmented  leaves  and  that  one 
species  of  Bryophyllum  has  passed  over  to  the  formation  of  peltate  leaves.  This 
species  is  the  Bryophyllum  crenatum  of  Baker  which  only  forms  leaves  that  are 
indented  at  the  edge  high  up  on  the  shoot-axis ',  and  possesses  at  the  base  of  this 
somewhat  short-lived  outgrowths  which  are  directed  upwards,  and  whose  biological 
significance  requires  investigation. 

TUBULAR   LEAVES. 

Tubular  leaves  conform  with  the  peltate  leaves  in  the  history  of  their 
development  up  to  a  certain  stage.  These  tubular  leaves  are  found  in 
a  number  of  insectivorous  plants.  I  do  not  mean  that 
phyletically  they  are  derived  from  peltate  leaves,  at 
any  rate  I  know  of  no  facts  in  support  of  such  a  view. 
In  Cephalotus  follicularis  alone,  outside  the  Utricularieae, 
are  there,  besides  the  tubular  leaves,  others  of  a  different 
form,  and  these  are  not  peltate  but  of  the  normal  flat- 
form.  Occasionally  intermediate  states  are  produced  be- 
tween these  leaf- forms  (Fig.  217).  They  are  leaves  with 
an  excavation  upon  the  upper  side,  but  they  do  not 
approach  the  peltate  form  and  are  easily  explained,  when  f,g.  2,7.  ophaio. 
one  knows  the  history  of  development  of  the  tubular  3Sw?ng*^i*2ige^ 
leaves,  as  retarded  formations,  without  the  necessity  of  wdTVordi^  1^! 
looking  upon  them  as  atavistic.  We  meet  with  tubular  thS  ^Jaf^STa  de^reS. 
leaves  also  especially  amongst  the  Hepaticae*,  where  no  Ip^i4tiy reach *dthl 
peltate  leaves  are  known.     If  we  follow  the  history  of     aisf^.^h^co'nUnuS 

,  .  ...  its     growth     without 

development  *,  we  find  that  an  mdentation  appears  upon     further  change  io  con- 

t  •!  /"ii/*  1.  tfti  /T^»  formation. 

the  upper  side  of  the  leaf,  and  it  gradually  deepens  (Fig. 
ai8).     The  lower  edge  of  the  depression  (Fig.  ai8,  d) — this  edge  corresponds 
to  the   new  formation  in  a  peltate  leaf— is  in  its  upper  part  made  into 
a  lid,  and  at  the  same  time  forms  a  portion  of  the  collar-like  thickened 
entrance.     The  upper   portion  of  the  leaf-primordium  forms  the  special 


^  Goebel,  VergleicheDde  Ejitwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handboch  der 
Botanik,  ill  (1884),  p.  234. 

'  Massart,  La  r^apitnlation  et  Tinnovation  en  cmbryog^nie  v^getale,  in  Bulletins  de  la  Soci^t^ 
royale  de  botanique  de  Belgiqoe,  xxiii  (1894),  p.  81. 

'  At  least  in  the  single  living  example  before  me. 

*  See  p.  58. 

*  See  Eichler,  Uber  die  Schlauchblatter  von  Cephalotus  follicularis,  Labill.,  in  Jahrboch  des 
koniglichen  botanischen  Gartens  zu  Berlin,  i  (1881),  p.  193. 
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tube  which  is  later  so  bent  back  upon  the  stalk  that  the  lid  comes  to  lie  on 
the  top. 

If  we  compare  with  these  the  tubular  leaves  in  Nepenthes,  Sarracenia,  Utricularia 
and  its  allies,  all  of  which  genera  are  carnivorous  like  Cephalotus,  we  find  that  the 
history  of  the  development  is  very  similar,  only  the  resulting  configuration  is  some- 
what different.  I  have  elsewhere  ^  given  so  full  a  description  of  these  that  I  shall 
here  only  briefly  refer  to  them.  The  portion  marked  with  d^  in  Fig.  218,  and  which, 
as  has  been  shown,  is  devoted  in  Cephalotus  to  the  formation  of  the  lid,  serves 
in  these  other  genera  for  the  construction  of  a  portion  of  the  wall  of  the  tube. 
The  upper  portion  of  the  tube-wall  corresponding  to  the  leaf-apex  forms  the  lid  in 
Sarracenia,  it  grows  out  in  Utricularia  and  Polypompholyx  to  the  remarkable 
valve  which  closes  the  entrance  of  the  tube,  and  in  Genlisea  two  lateral  portions  of 
the  margin  of  the  mouth  of  the  tube  grow  out  into  long  arms  which  subsequently 
become  twisted.  In  Nepenthes  the  lid  arises  as  an  outgrowth  underneath  the  leaf- 
apex  *,  and  the  leaves  are  here  further  remarkable  in  that  the  leaf-base  develops  later 
into  a  laminar  surface,  whilst  between  it  and  the  pitcher  a  stalk-like  portion,  which 
frequently  acts  as  a  tendril,  is  intercalated. 

Tubular  leaves  are  only  known  outside  insectivorous  plants,  passing  over  of  course 
abnormal  formations,  in  the  epiphytic  Dischidia  Rafflesiana',  and  in  the  bracts  of 
the  Margraviaceae.  In  Dischidia  Rafilesiana  the  inner  side  of  the  tube  corresponds 
to  the  under  side  of  the  leaf,  not  to  the  upper  side  as  in  the  cases  first  mentioned, 
and  leaves  which  are  concave  upon  the  under  side  of  another  asclepiadaceous 
plant,  Conchophyllum  imbricatum,  form  a  kind  of  transition  to  the  tubular  leaves 
of  Dischidia.  In  the  bracts  also  of  many  Margraviaceae  the  inner  side  of  the 
tubular  leaf  corresponds  to  the  under  side  of  the  leaf. 

IV 

RELATIONSHIPS  BETWEEN  VENATION  AND 
DEVELOPMENT  OF  LEAF* 

The  relationships  between  the  venation  of  the  leaf  and  the  growth  of 
the  leaf  already  described  in  the  case  of  the  Filicineae,  are  found  also  amongst 
the  Angiospermae,  although  in  somewhat  different  form. 

The  function  of  the  veins  of  the  leaf  is  two-fold,  mechanical  and  nutritive. 

It  is  well  known  that  between  the  leaves  of  Monocotyledones  with 
striate  venation^  and  those  of  Dicotyledones  with  reticulate  venation,  there 
are  differences  which,  however,  are  not  very  far-reaching.  On  the  one  hand 
there  are  amongst  Monocotyledones  not  a  few,  especially  of  the  Aroideae, 


^  Goebel,  Pflanzenbiologische  SchildeningeD,  ii  (1893),  p.  53. 

•  Goebel,  op.  cit,  Plate  XXI. 

'  Treub,  Snr  les  urnes  da  Dischidia  Raffesiana,  Wall.,  in  Annales  da  Jardin  botaniqne  de 
Baitenzorg,  iii  (1883),  p.  13. 

*  See  Deinega,  Beitrage  znr  Kenntniss  der  Entwicklongsgeschichte  des  Blattes  and  der  Anlage 
dcr  Gefassbiindcl,  in  Flora,  Ixxxv  (1898). 
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which  have  the  venation  common  in  Dicotyledones,  and  on  the  other  hand 
there  are  amongst  the  Dicotyledones  many  in  which  the  venation  of  the 
leaves  is  that  most  commonly  observed  in  Monocotyledones,  for  example 
Eryngium  pandanifolium,  E.  agavaefolium,  Plantago  media,  and  others. 

We  find  too,  in  one  and  the  same  plant,  differences  in  the  venation  in 
the  different  leaf-forms,  and  this  is  a  point  which  is  apt  to  be  overlooked. 
The  hypsophylls,  sepals,  petals,  and  so  on,  when  they  diverge  considerably 
in  form  from  the  foliage-leaves,  have  a  venation  different  from  that  of  the 
foliage-leaves,  and  this  raises  therefore  the  question : —  What  is  the  relation- 
ship between  conformation  of  leaf  and  course  of  the  veins  f 

The  investigations  which  have  hitherto  been  made  on  the  subject  of 
venations,  have  dealt  mainly  with  the  relationships  of  the  veins  in  the 
matured  leaf,  when  the  original  arrangement  of  the  conducting  bundles  is 


Pia  318.  Cephalotas  folHcularis.  Development  of  the  pitcher-leaves.  The  numbers  show  the  succession.  The 
pitchers  formed  by  a  growing  out  of  the  upper  side  of  the  leaf,  whose  lower  margin  becomes  the  lid  d.  After 
Bichler,  but  modified. 

frequently  no  longer  correctly  recognizable,  because  branching,  anastomosis, 
formation  of  strong  midrib,  and  so  forth,  conceal  the  primary  arrangement. 
Besides,  such  simple  technical  terms  as  *  striate '  and  *  reticulate,*  give  us  no 
information  regarding  the  connexion  between  venation  and  growth  of  leaf 
in  a  large  cycle  of  affinity. 

We  shall  deal  first  of  all  with  this  connexion,  as  it  is  seen  in  Monoco- 
tyledones,  for  there  it  can  be  proved  that  the  apparently  great  differences 
which  the  venation  exhibits,  are  all  modifications  of  one  *  type,'  just  as  we 
can  refer  the  flowers  of  all  Monocotyledones  to  one  type. 

Venation  of  Monocotyledones.  The  typical  venation  of  Mono- 
cotyledones arises  when  a  primordium  of  a  leaf,  attached  by  a  broad  base 
to  the  stem,  grows  nearly  uniformly  in  length  and  breadth  in  all  its  parts 
(but  at  different  times !).  The  conducting  bundles  which  enter  the  leaf,  and 
out  of  which  the  median  is  formed,  traverse  its  whole  length  nearly 
uniformly  from  the  base  to  the  apex.  The  veins  do  not  project,  or  only 
slightly,  upon  the  leaf-surface.  This  type  occurs  in  the  foliage-leaves  of  the 
grasses,  and  amongst  the  Dicotyledones  in  the  species  of  Eryngium,  which 
have  leaves  like  Monocotyledones  ;  and  it  also  occurs,  but  with  some  marked 
deviations  however,  in  many  hypsophylls. 

z  1 
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When  the  upper  portion  of  the  primordium  of  the  leaf  spreads  out  by- 
growth  in  diameter  into  a  leaf-surface,  it  receives,  from  the  not  very  different 
leaf-stalk,  veins  with  a  more  curved  course,  and  we  get  but  a  slight  modifi- 
cation of  the  preceding  venation.  This  happens  in  Eichhomia  crassipes 
(Fig.  219).  In  the  stalk,  that  is  the  portion  of  the  leaf-lamina  which  is 
narrow,  the  conducting  bundles  retain  their  parallel  arrangement,  but  in 
the  lamina  they  are  strongly  curved.  A  like  arrangement  is  found  in  the 
later  primary  leaves  of  Sagittaria  and  other  plants. 

A  lamina  constructed  after  this  method  cannot,  without  considerable 
demand  upon  the  building-material  to  make  it  firmer,  or  without  special 

arrangements,  such  as  the  folding  which 
has  been  mentioned  in  the  case  of  Cur- 
culigo  ^  and  other  plants,  attain  any  con- 
siderable development  of  surface,  and  the 
method  is  limited  therefore  to  the  rela- 
tively small  primary  leaves  of  plants, 
which  produce  adult  leaves  that  are  large 
or  are  adapted  to  special  purposes.  An 
instructive  illustration  of  this  is  afforded 
by  the  seedling-plants  of  Phoenix  and 
other  palms  mentioned  above  ^  (Fig.  210). 
In  other  Monocotyledones  we  find 
that  the  enlargement  of  the  leaf-surface 
is  made  possible  ^  by  the  formation  of  a 
thick  middle  portion,  on  which  the  thin 
lateral  parts  are,  as  it  were,  suspended. 
It  is  interesting  to  observe  by  what  vary- 
ing gradations  this  comes  about,  until 
the  extreme  is  reached,  in  the  species  of 
Musa,  where  there  is  a  lamina  many  meters  long,  and  a  thick  midrib.  This 
form  is,  however,  only  a  terminal  member  of  a  series  which  we  see  begin- 
ning in,  for  example,  Funkia  ovata  (Fig.  220). 

Fonkia  ovata.  In  this  plant  the  leaf-lamina  has  nearly  an  oval  outline 
and  is  continued  into  a  channelled  leaf-stalk — the  portion  of  the  primordium 
which  has  been  only  slightly  widened,  and  which  differs  from  the  leaf-lamina, 
in  respect  of  the  course  of  its  vascular  bundles,  only  to  the  slight  extent  of 
having  them  arranged  in  one  row.     In  the  lower  part  of  the  leaf-lamina  we 


Pig.  310.  Bichhornia  cnuwipea.  A^  youngr 
leaf.  a.  leaf-lamina ;  b,  leaf-base ;  c^  zone  oat 
of  which  the  leaf-stalk  is  developed  later.  B^ 
upper  part  of  an  older  leaf  showing  the  coarse 
or  the  condactine  bandies  which  are  nambered 
saccessively  /,  7/,  ///,  jy,  V\  tw,  apical  water- 
aI>8orbing  or|[an.  C.  scheme  of  the  coarse  of 
the  nerxcs  m  the  fully  formed  leaf.  After 
Deinega. 


*  See  p.  326.  •  See  p.  337. 

'  I  use  this  expression  intentionally.  I  do  not  base  this  upon  the  fact  that  we  find  large  leaf- 
surfaces,  for  instance,  in  the  Aroideae,  and  that  they  have  the  '  venation '  about  to  be  described,  but 
I  say : — This  venation  makes  possible  the  acquisition  of  a  more  significant  size  of  leaf,  but  we  may 
meet  with  it  also  in  small  leaves  brought  about  there  by  the  internal  peculiarities  of  the  family 
which  beget  ^t  possibility  of  development  of  larger  leaf-surfaces. 
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see  already  an  indication  of  a  *  mid -vein,'  and  at  this  point  the  bundles 
appear  to  be  clustered  together,  for  they  run  at  first  parallel,  and  then  bend 
out  into  the  leaf-surface  which  is  thicker  also  at  this  position  than  it  is 
higher  up  and  at  the  sides.  Let  us  assume  now  that  the  vascular  bundles 
are  originally  all  nearly  parallel  in  the  leaf-primordium,  and  that  the  growth 
in  surface  of  the  leaf  proceeds  from  above  downwards,  first  of  all  nearly 
uniformly  and  then  chiefly  at  the  margins  because  it  is  in  the  lower  part 

that  the  thicker  middle  portion  is  first 
formed  ;  then  the  course  of  the  bundles 
in  the  upper  part  must  be  that  which  is 
diagrammatically  represented  in  Fig. 
220,  B.  The  first  bundles  laid  down 
have  the  ordinary  course,  and  further 
downwards  in  the  leaf,  progressively, 
more  bundles  were  present  in  the  middle 


Pig.  220.  Pankia  ovata.  A.  primor- 
dinm  of  leaf  enclosing  the  vegetative  point 
and  differentiated  into  leaf-base,  sch  ;  leaf- 
lamina,  sp ;  and  the  sone  oat  of  which  the 
leaf-8talk  develops,  st.  J?,  scheme  of  the 
course  of  the  veins  in  the  adult  leaf.  The 
nombcrs  /,  //  ///,  IV,  K,  VJ,  indicate  the 
sacceasion.    After  Dein^;a. 


Pig.  aai.  Xanthosoma  belophyllnm,  one  of  the 
Aroideae.  A^  leaf-stalk  in  transverse  section  the 
upper  side  turned  downwards,  and  showing  at  ob 
stronger  'secondary  growth  in  thickness^:  «»/, 
ander  side  with  less  marked  secondary  growth.  B^ 
scheme  of  the  coarse  of  the  vascalar  Bandies  in  the 
leaf;  they  apparently  diverge  from  the  monocotyloas 
type.  /,  77,  III  indicate  saccessive  bundles ;  y,  the 
yoongest  vascalar  bandies  which  bend  oat  into  the 
lower  part  of  the  leaf.    After  Deinega. 


leaf-portion  before  the  growth  in  breadth  began  which  caused  them  to 
bend  out  into  the  younger  portion  of  the  leaf.  This  appearance  of  a  mid-vein^ 
at  the  leaf-base  is  related  to  the  intercalary  growth  of  the  leaf  and  the 
strong  mechanical  claims  of  the  leaf-base,  as  in  the  case  of  the  palms. 

Xanthosoma  belophyllnm.  Aroids  show  exactly  the  same  relationship. 
In  Fig.  221  we  have  the  scheme  of  Xanthosoma,  and  the  only  difference 
from  Funkia  ovata  is  that  there  is  a  much  stronger  *  midrib '  traversed  by 
numerous  bundles,  and  disappearing  towards  the  apex.  Here  also  the 
oldest  bundles,  that   is  to  say  those  which  are  most  early  differentiated, 


^  Which  is,  however,  only  the  result  of  the  clnsteriDg  together  of  the  ordinary  veins. 
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reach  the  highest  point  in  the  leaf.  The  bundles  bend  out  from  the  midrib 
in  the  leaf-surface  in  correspondence  with  the  fact  that  this  grows  out,  if  one 
may  so  say,  as  a  wing  from  each  side  of  the  thick  middle  portion.  This 
growth  takes  place,  however,  earlier  above  than  below^  and  the  course  of  the 
bundles  conforms  with  this.  The  bundles  are  not  disposed  in  one  row  in 
the  leaf-stalk  as  they  are  in  the  Monocotyledones  in  which  lamina  and  stalk 
are  only  relatively  slightly  differentiated  from  one  another,  but  they  are 
distributed  over  the  transverse  section,  and  this  may  be  explained  by  the 
fact  that  the  stalk  has  acquired  more  of  a  cylindric  form  in  response  to 
greater  mechanical  claims,  and  exhibits  a  subsequent  increase  of  growth  in 
the  ground-tissue  (Fig.  %%i^A\  The  arrangement  of  the  bundles  is  also 
different ;  the  yoimger  ones,  which  on  account  of  their  origin  are  found  in 
the  lateral  portion  of  the  leaf-sheath,  bend  upwards  in  the  leaf-stalk,  and 
they  it  is  which  bend  out  in  the  lower  portion  of  the  leaf-surface.  The 
hypsophyll  of  the  Aroideae,  which  corresponds  to  the  vagina  of  a  foliage-leaf, 
has  on  the  other  hand  the  ordinary  monocotylous  venation,  and  there  is 
from  the  beginning,  except  at  the  tip,  a  uniformly  distributed  growth,  as  in 
the  case  of  grasses. 

In  this  account  of  the  venation  in  Monocotyledones,  I  have  endeavoured 
to  show  two  things : 

1.  That  morphologically,  as  well  as  in  the  distribution  of  its  vascular 
bundles,  the  leaf  of  Aroideae — and  the  same  holds  also  for  the  Scitamineae, 
Musacae,  Cannacae  ^  and  others — can  be  derived  from  a  grass-leaf,  and  that 
the  vascular  distribution  has  relation  to  the  whole  leaf-growth. 

2.  That  the  organization  of  the  leaf — especially  the  appearance  of  a 
midrib — stands  in  relation  to  the  leaf-size. 

Venation  of  Dicotyledones.  From  what  has  been  said  it  will  be 
gathered  that  there  is  no  specific  venation  which  can  be  called  dicotylous, 
but  the  distribution  of  the  conducting  bundles  in  the  leaves  of  the  Dicoty- 
ledones also  is  determined  by  the  relationships  of  growth*  The  following 
will  serve  as  illustrations : — 

Acer  platanoides.  In  the  leaves  of  Acer  platanoides  (Fig.  21a)  the 
divergent  course  of  the  veins  is  a  consequence  of  the  basipetal  development 
of  the  leaf,  by  which  the  single  leaf-lobes  are  not  produced  one  from  another 
but  the  leaf  in  all  its  parts  is  tolerably  uniformly  expanded.  The  middle 
nerve  arises  first  and  then  the  veins  for  the  two  upper  leaf-lobes,  and  so 
forth.     Finally  the  chief  veins  appear  to  radiate  from  one  point  *. 

*  Canna  indica  is  very  instructive.  The  large  foliage-leaves  have  a  mid-oerve,  and  whilst  the 
upper  hypsophylls  have  no  lamina  the  reduced  small  laminae  of  the  lower  hypsophylls  show  the 
normal  monocotylous  venation  such  as  is  found  only  at  the  tops  of  the  foliage-leaves.  The  con- 
formation of  the  lamina  in  these  hypsophylls  is  very  varied ;  sometimes  it  is  like  that  in  Funkia 
(Fig.  220,  B\  at  other  times  it  is  that  of  the  fuUy  developed  leaf  of  Canna. 

'  See  the  details  in  Deinega,  Beitrage  zur  Kenntniss  der  Entwicklungsgeschichte  des  Blattes  und 
der  Anlage  der  Gefassbiindel,  in  Flora,  Ixzxv  (1898). 
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Caltha  palustrifl.  We  may  compare  with  the  case  of  Acer  platanoides 
that  of  the  unsegmented  leaf  of  Caltha  palustris.  The  chief  veins  radiate 
outwards  here  also  from  the  base  of  the  lamina  (Fig.  aaa),  and  on  the 
margin  of  the  lamina  there  are  insignificant  projections.  These  arise  rela- 
tively much  later  than  the  lobes  in  the  leaves  of  Acer.  The  course  of  the 
veins  depends  upon  the  fact  that  the  lamina  which  comes  off  from  the  thick 
leaf-stalk  at  a  very  early  period  develops,  uniformly  and  without*  preference 
for  any  definite  direction  of  growth,  into  a  surface  with  its  margins  inrolled. 
In  Fig.  246  the  leaf  is  still  entirely  embryonal,  only  at  the  position  which 
corresponds  to  the  base  of  the  lamina  intercellular  spaces  appear.  Its  con- 
figuration, however,  has  in  essentials 
been  reached.  The  veins  appear 
relatively  late  and  radiate  from  the 
leaf-base  in  correspondence  with  the 
nearly  uniform  growth  of  the  surface'. 


Pig.  222.    Caltha  palastria.    Leaf.    One-half  natural  PiG.  223.     Jossieaea  salicifolia.     Petal  to  the  left, 

giie.  Sepal  to  the  right.     Magnified  i|. 

If  an  undivided  leaf  with  'feather-venation'  had  arisen  from  such  a  prim- 
ordium,  all  that  would  have  happened  further  would  have  been  that  the 
primordium  would  have  elongated ;  the  middle  part  would  have  developed 
strongly ;  the  leaf-lamina  would  have  appeared  as  a  lateral  outgrowth 
on  each  side  of  this  ;  and  thus  a  middle  nerve  would  have  been  formed 
from  which  the  lateral  veins  would  have  proceeded.  Of  course  there  are 
here  also  all  transitions  between  the  forms  of  growth  and  the  corresponding 
distribution  of  the  veins. 

Asarum  europaeum.  In  Asarum  europaeum,  whose  leaf  resembles 
that  of  Caltha  in  all  essentials,  the  elongation  is  not  uniform,  is  more  basi- 
petal,  and  the  middle  nerve  is  stronger. 


1  The  margin  remains  longer  meristic  and  prodoces  then  the  leaf-teeth,  and  the  apex  of  the  leaf 
appears  in  the  process  of  elongation  to  precede  the  base.  These  details  cannot,  however,  be 
discussed  here.  It  may  be  pointed  ont  only  that  the  mid-nenre  develops  somewhat  more  strongly 
than  the  others  and  also  precedes  them  somewhat  in  inception.  A  monocotylons  venation  does  not 
come  abont  here  on  account  of  the  early  inception  of  a  massive  cylindric  leaf-stalk  (see  Fig.  246, 
to  the  left). 
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JuBsieaea  salioifolia.  The  relationships  in  the  formation  of  the  leaves 
of  the  flower  are  very  instructive.  Fig.  223,  for  example,  shows  a  petal  of 
Jussieuea  salicifolia  upon  the  left  and  a  sepal  to  the  right.  The  sepal  has 
monocotylous  venation.  From  the  first  its  base  is  broader  and  it  is  elon- 
gated with  uniform  growth  in  surface.  The  petal  arises  as  a  much  smaller 
papilla,  which  then  widens  out  in  the  direction  indicated  by  the  course  of 
the  nerves. 

ErazinuB  exoelsior.    Fraxinus  gives  us  an  example  of  a  pinnate  leaf 

(Fig.  224).  The  pinnules  are 
laid  down  in  acropetal  suc- 
cession, and  there  appears 
in  the  broad  base  of  the  leaf- 
primordium  a  large  num- 
ber of  conducting  bundles 
(Fig.  224,  C)y  which  radiate 
from  one  another  in  corre- 
spondence with  the  growth 
of  the  pinnules.  As  the 
pinnules  separate  from  one 
another  at  a  later  period, 
there  is  formed  from  a  por- 
tion of  the  upper  leaf  be- 
tween each  pair  a  stalk-like 
leaf-spindle  or  rhachis,  and 
the  original  arrangement  of 
the  bundles  is  lost.  The 
leaf-stalk  here  exhibits  also 
a  growth  in  thickness,  and 
the  bundles  are  arranged 
nearly  in  a  circle. 

Amongst  the  Dicotyle- 
dones  there  are  also  cases 
where  the  leaf-stalk  is  dis- 
tinguished from  the  lamina 
only  by  its  small  size.  It 
arises  then  relatively  late 
and  has  the  vascular  bundles  arranged  in  one  row,  as,  for  example,  in 
Plantago  media,  whose  leaf-lamina  has  the  primary  veins  arranged  quite 
like  that  of  the  *  type '  of  Monocotyledones. 


Pig.  334.    Praxinas  excelsior.    A,  tip  of  the  shoot  from  the  oot< 
side.    Right  and  left  of  the  apex  the  primordia  of  pinnate  leaves 
^shoMf   *  ....  .... 


in  transverse  section, 
vascular  bundle  in 
vascular  bundle  in 


side.    Kirtit  and  left  of  the  apex  the  pnmordi 

already  snow  the  acropetal  pinnules.    B^  bud  in 

f,  initial  strand  in  base  of  youn?  leaves ;  c. 

basal  part  of  leaf-stalk  of  next  older  leaf;  r, 

upper  part  of  leaf-stalk.     C,  young  leaf  showine  the  pinnules  a,  c^  </, 

and  the  conducting  bundles  /,  7/  ///.    Z>,  scheme  of  the  course  of 

the  conducting  bundles  in  the  adult  leaf,  lettering  as  in  C.    After 

Deinega. 
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CONNEXION  BETWEEN  CONFIGURATION   OF  LEAF  AND 
RELATIONSHIPS  OF  LIFE.    HETEROPHYLLY 

Frequent  reference  has  been  made  to  the  connexion  between  configura- 
tion of  leaves  and  the  relationships  of  life,  and  a  comprehensive  treatment 
of  this  subject  is  scarcely  possible  without  a  pretty  full  account  of  anatomical 
structure,  and  this  is  beyond  the  scheme  of  this  book.  We  know,  too,  in 
many  cases  nothing  at  all  about  the  meaning  of  the  configuration  of  the 
leaves,  and  I  do  not  think  that  the  configuration  of  the  leaf  is  everywhere 
to  be  regarded  as  a  direct  adaptation.  It  is  quite  clear  in  xerophilous 
plants,  in  which  so  often  there  is  reduction  of  the 
leaf-surface,  that  when  rolled  leaves  appear  in  the 
most  different  families  they  have  relation  to  the 
external  conditions.  Similarly  the  divided  leaf- 
surface  which  occurs  in  submerged  water-plants 
of  most  different  cycles  of  affinity,  whether  it 
arise  by  branching,  as  is  usual,  or  by  the  formation 
of  holes,  as  in  Ouvirandra  ^,  has  clearly  a  relation- 
ship to  the  conditions  of  life,  just  as  have  the  gills 
in  animals.  The  long  drawn-out  tips  of  the  leaves 
of  many  plants  which  grow  in  wet  regions  serve  as 
drip-tips*,  and  are  therefore  adapted  to  the  rapid 
drying  of  the  leaf-surface.  On  the  other  hand,  we 
find  that  many  forms  of  leaves  appear  through 
'variation'  and  stand  only  in  very  indirect  rela- 
tionship \  and  cannot  at  any  rate  be  regarded  as 
direct  adaptations,  to  environment  *.  The  fern-leaved  '  varieties '  of  beech 
and  other  plants  and  the  remarkable  crested  and  other  so-called  *  mon- 
strous '  leaves  in  ferns  are  of  this  character  (Fig.  225). 

In  these  circumstances  it  will  be  more  satisfactory  in  dealing  with  this 
part  of  the  subject  if  a  few  examples  be  described,  drawn  from  plants  in 
which  the  configuration  of  the /(?//^^-/i?^^^j  is  strikingly  different  at  different 
periods  of  their  life. 


Fig.  92^  Polypodiam  vulgare. 
Leaf  which,  in  some  pinnules, 
shows  more  copious  branching  than 


*  See  Goebel,  Pflanzenbiologischc  Schildenmgen,  ii  (1893),  p.  320. 

'  JuDgner,  ADpassungen  der  Pflanzen  an  das  Klima  in  den  Gegenden  der  regenreichen  Kamenin- 
gebirge,  in  Botanisches  Centialblatt,  xlvii  (1891),  p.  353;  Stahl,  RegenfaU  nnd  Blaltgestalt,  in 
Annales  du  Jardin  botanique  de  Bnitenzorg,  xi  (1893),  p.  100. 

^  See  Gd^bel,  op.  cit.,  ii  {1893),  p.  320,  where  I  show  that  the  Podostemaceae  may  under 
like  external  conditions  exhibit  manifold  relationships  of  configuration.  See  also  Goebel,  op.  cit., 
i  (1889),  Introduction ;  id.,  Uber  Studium  und  Auffassung  der  Anpassungserscheinungen  bei  Pflanzen, 
Akademie-Rede,  Miinchen,  1898. 

*  See  Part  I,  p.  185. 
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(i)  PTERIDOPHYTA. 

Where  the  configuration  of  the  leaf  is  so  simple,  as  it  is  in  the  Lyco- 
podineae  and  Equisetaceae  ^,  it  is  hardly  to  be  expected  that  there  will 
be  any  or,  at  least,  any  considerable  division  of  labour  between  the  leaves. 

Iiyoopodium.  The  difference  in  the  conformation  of  the  leaves  in  the 
dorsiventral  shoots  of  Lycopodium  has  been  already  explained  ^.  Excep- 
tional cases  like  the  formation  of  hooks  on  the  leaves  of  the  chief  shoots  of 
Lycopodium  volubile  are  evidently  modifications  for  the  purpose  of  climbing. 

Filioineae.  The  Filicineae,  as  is  well  known,  show  a  marvellously 
varied  configuration  in  leaf.  The  great  division  of  the  leaf-lamina  renders 
it  more  resistant  to  the  effect  of  wind  and  rain,  an  effect  which  can  only  be 
overcome  in  an  undivided  leaf  by  greater  strength  of  construction.  The 
Hymenophyllaceae  are  particularly  instructive  in  this  respect.  One  of  the  few 
forms  with  large  undivided  leaves  is  Trichomanes  reniforme,  and  it  is  pro- 
vided with  kidney-shaped  leaves.  It  grows  on  tree-stems  on  the  wet  west 
coast  of  New  Zealand  *.  Its  leaf-lamina  is  many-layered,  in  contrast  with 
the  case  of  other  Hymenophyllaceae,  where  the  lamina  is  almost  without 
exception  one-layered.  A  similar  comparison  may  be  instituted  between 
the  construction  of  the  leaves  in  Adiantum  reniforme,  where  they  are  entire 
and  kidney-shaped,  and  those  in  other  species  of  Adiantum,  where  they  are 
greatly  divided  and  have  delicate  leaflets.  These  examples  show  that 
external  form  and  internal  structure  are  most  intimately  connected. 

Of  this  anatomical  construction  I  can  say  but  little  here.  The  leaves 
of  most  Filicineae  have  essentially  the  same  structure  as  the  leaves  of  other 
land-plants,  that  is  to  say  they  possess  an  epidermis  which  is  often  very 
little  different  from  the  tissue  immediately  below  it;  there  are  stomata 
upon  the  epidermis  ;  the  mesophyll  is  traversed  by  conducting  bundles  and 
intercellular  spaces,  and  the  whole  structure  is  such  that  the  leaf  is  not  able 
to  take  up  water  in  any  quantity  from  the  outside.  But  there  are  a  number 
of  ferns  which  live  in  moist  shady  localities  whose  leaf-structure  is  simplified 
in  much  the  same  way  as  we  find  it  in  the  leaves  of  many  water-plants ;  they 
have  no  stomata,  and  in  the  physiological  sense  no  epidermis ;  of  intercel- 
lular spaces  there  are  none ;  the  leaf-surface,  apart  from  the  veins,  is 
fi-equently  one-layered,  and  the  whole  differentiation  of  tissue  is  quite  like 
that  in  one  of  the  Musci.  This  modification  appears  in  different  groups  of 
the  Filicineae  and  independently  in  each,  a  fact  of  so  much  interest  that 
a  few  examples  will  be  given  in  illustration  : — 

^  The  leaves  are  here  essentially  protective  organs,  in  hypogeoos  shoots  also  boring  organs.  The 
concrescent  sheath-like  leaves  of  the  fertile  shoots  are  more  strongly  developed  than  those  of  the 
sterile  shoots  because  the  bud  of  the  fertile  shoot  is  more  massive.  See  Goebel,  Uber  die  Fmcht- 
sprosse  der  Equiseten,  in  Berichte  der  deutschen  botanischen  Gesellschaft,  iv  (1886),  p.  184. 

*  See  Part  I,  pp.  103  and  253. 

'  On  rainless  days  the  leaves  are  rolled  up,  and  if  the  drought  does  not  last  long  they  expand 
again  when  moistened  and  continue  active  life. 
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Aspleniom  obtusifoliiim.  Asplenium  obtusifolium,  Linn.^  is  a  fern  which 
grows  in  moist  shady  localities.  The  leaves  have  no  stomata  and  no  intercellular 
spaces,  and  can  take  water  directly  from  outside.  That  we  have  here  to  deal  with 
a  reduced  form  is  evident,  inasmuch  as  forms  so  nearly  allied  as  to  be  regarded  as 
belonging  to  the  same  '  species '  have  both  stomata  and  intercellular  spaces. 

Todea.  Amongst  the  Osmundaceae  some  species  of  the  genus  Todea — T. 
pellucida,  T.  superba,  and  their  allies  which  form  the  section  Leptopteris,  often 
isolated  as  a  special  genus — have  been  long  known  by  their  thin  translucent  leaves 
and  their  life  in  moist  shady  localities.  T.  superba  is,  however,  as  I  have  satisfied 
myself  in  New  Zealand,  much  less  sensitive  than  one  would  suppose  to  drought  that 
is  not  too  prolonged. 

Teratophyllum  aculeatum,  var.  inermis,  Mett  Amongst  the  Acrosticheae 
Karsten '  has  noticed  some  remarkable  examples  of  analogous  adaptation.  Terato- 
phyllum aculeatum,  var.  inermis,  Mett.,  is  a  climbing  fern  with  two  kinds  of  leaves, 
those  which  lie  against  the  tree-stem  and  those  which  stand  off  from  it  The  latter 
are  the  special  assimilation-organs  and  have  the  ordinary  structure  of  the  leaves  of 
ferns.  The  former  have  an  anatomical  structure  which  recalls  by  its  translucency 
and  colour  the  leaves  of  the  Hymenophyllaceae,  but  they  have  upon  their  under 
side  stomata,  they  can  be  wetted,  and  they  serve  to  retain  water,  and  probably 
also  take  up  water.  It  is  much  to  be  wished  that  we  knew  the  configuration  of  the 
leaves  of  the  germ-plant. 

Hemitelia  capensis.  In  this  category  we  may  place  those  remarkable  forma- 
tions upon  the  leaf-stalk  of  Hemitelia  capensis,  which  were  of  old  regarded  as 
Hymenophylleae ',  and  have  in  literature  the  senseless  name  of  'adventitious 
pinnules.'  Judging  from  their  appearance  and  the  anatomical  structure  of  dried 
material  *  they  are  merely  formations  of  the  basal  pinnules  of  the  leaf  adapted  to 
the  absorption  of  water.  The  plant  grows  in  moist  hollows  in  the  vicinity  of  water- 
falls ;  and  as  in  the  Hymenophyllaceae  and  in  Dumortiera  amongst  Hepaticae,  a 
change  has  been  brought  about  in  the  plant  by  the  conditions  of  the  locality,  but  it 
is  limited  to  a  portion  only  of  the  leaf.  The  basal  pinnules  are  finely  divided,  and 
the  lamina  is  much  less  developed  than  it  is  in  the  '  normal '  leaf-pinnules  and  is 
only  unilateral  along  the  veins.  It  is  thin,  probably  wettable,  and  resembles  the 
leaves  of  Teratophyllum  in  having  stomata  only  upon  one  side.  The  intercellular 
spaces  are  very  small. 

Hymenophyllaceae.  In  the  Hymenophyllaceae  adaptations  like  those  just 
mentioned  are  very  common.    We  know  of  no  species  of  Hymenophyllum  provided 

^  See  Giesenhagen,  Uber  hygrophile  Fame,  in  Flora,  Ixxvi  (Erganzongsband  zom  Jahrgang  189a), 
p.  157. 

•  Karsten,  Morphologische  und  biologische  Untersuchungen  iiber  einige  Epiphjrtenformen  der 
Molnkken,  in  Annales  da  Jardin  botanique  de  Bnitenzorg,  zii  (1895),  p.  117.  Christ,  Die  Fam- 
kraoter  der  Erde,  p.  39,  unites  this  fern  with  Acrostichom  (Lomariopsis)  sorbifoliom,  an  identification 
that  appears  to  me  very  doubtful.  I  cannot  discuss  systematic  questions  here,  and  will  only  remark 
further  that  Christ's  term  '  adventitioos  leaves,'  for  water-absorbing  leaves,  is  an  impossible  one,  as 
there  are  no  adventitious  leaves  here. 

'  In  the  Munich  Herbarium  some  pinnules  are  named  Trichomanes  incisum,  Th. ;  another  had 
the  equally  erroneous  label  'palearum  Hemiteliae  ripariae,  R.  Br.,  metamorphosis.' 

*  I  unfortunately  had  no  fresh  material. 
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with  stomata.  In  many  of  them — for  instance  Trichomanes  brachypus  whose  leaves, 
lying  close  upon  the  stem  of  the  tree,  give  the  impression  of  a  gigantic  richly 
branched  thallose  liverwort,  T.  Hildebrandti,  and  others — the  leaves  are  fastened 
to  the  substratum  by  hair-roots  evidently  in  order  that  they  may  retain  the  water 
which  runs  down  the  stem. 

Giesenhagen  has  shown  that  arrangements  for  holding  water  similar  to  those 
found  in  some  thallose  Hepaticae  are  also  known  amongst  the  Filices. 

Salvinia.  Salvinia  possesses  leaves  which  are  adapted  to  a  life  in  water.  Every 
text-book  explains  that  this  plant  has  two  kinds  of  leaves,  float -leaves  and  water- 
leaves,  the  former  are  simple,  the  latter,  apparently  branched  in  a  tufted  manner  \ 
hang  in  the  water  and  have  no  stomata.  A  peculiar  divergent  form  of  construction 
is  described  for  the  float-leaves.  Whilst  the  float-leaves  of  S.  natans  are  in  the 
unfolded  condition  flat  those  of  S.  auriculata  have  a  peculiar  canoe-form  (Fig. 
226).  This  upfolding  of  the  lamina  protects  the  plant  from  too  strong  illumi- 
nation, but  it  particularly 
affords  the  leaf-surface  pro- 
tection against  wetting,  for  it 
bears  many  stalked  tuftedly 
branched  hairs  which  do  not 
allow  water-drops  to  reach 
the  leaf-surface,  and  even  if 
the  leaf  be  submerged  the  air 
between  the  hairs  is  held  so 
firmly  that  the  water  cannot 
touch  the  leaf-surface.  Other 
float-leaves  are  rendered  un- 
wettable  by  the  nature  of  their 
surface  and  not  by  hairs. 
AzoUa.  In  Azolla  there  is  only  one  kind  of  leaf.  The  leaves  which  stand  upon 
one  leaf-axis  have  a  similar  construction,  but  there  is  a  different  construction  in  the 
parts  of  one  and  the  same  leaf,  and  in  this  way  biological  relationships  like  those  in 
Salvinia  are  established.  The  remarkable  construction  of  the  leaf  of  this  floating 
water-fern  has  been  described,  so  far  as  I  know,  from  the  purely  morphological 
side  only,  not  from  that  of  its  biological  significance*.  Each  leaf  consists  of  two 
lobes,  an  upper  and  an  under,  and  these  both  in  structure  and  function  are  very 
different.  The  upper  and  upwardly  directed  leaf-lobe  serves  as  an  assimilation- 
organ,  its  morphologically  lower  side  is  directed  upwards,  and  has  an  arrangement  of 
the  tissue  in  correspondence  thereto — there  are  palisade-like  cells  (Fig.  227,  II,  o^y  0^) 
and  numerous  papillae  which  contribute  to  making  this  side  unwettable.  Upon  the 
morphologically  upper  side,  here  turned  downwards,  of  the  upper  lobe,  there  occur  the 
peculiar  pits  secreting  mucilage '  which  are  inhabited  by  one  of  the  Nostocaceae, 

^  See  for  the  history  of  development,  Gliick,  Die  Sporophyllmetamorpho«e,  in  Flora,  Ixxx  (1895), 
p.  368.  *  See  Strasburger,  Ubcr  Azolla,  Jena,  1873. 

'  I  pointed  out  many  years  ago  that  these  pits  are  organs  for  the  secretion  of  mndlage.  The 
significance  of  the  symbiosis  with  Anabaena  can  only  be  understood  when  the  metabolism  within 
the  Cyanophyceae  is  better  known. 


Pig.  aad  Salvinia  aaricnlata.  On  the  left :  leal  seen  obliqaely 
from  above.  On  the  ri^^ht :  leaf  seen  from  point  of  insertion.  Magni- 
fied 3. 
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and  which  are  the  feature  in  the  leaf  of  Azolla  that  commonly  attracts  notice.  The 
under  lobe  is  constructed  in  an  altogether  different  way  (Fig.  227,  II,«„  u^.  It  consists 
throughout  its  greater  part  of  one  cell-layer,  only  a  middle  portion  lying  somewhat 
towards  the  top  is  many-layered.  In  this  many-layered  area  some  chlorenchyma  and 
stomata  are  present  upon  the  upper  side,  and  it  is  evidently  the  position  which,  as  the 
transverse  section  shows,  is  least  covered  by  the  upper  lobe  and  receives  the  most  light 
What  is  the  meaning  of  this  remarkable  leaf-structure?  It  is  clear  that  the  juvenile 
portions  are  aptly  protected  in  this  infolding,  formation  of  lobes,  and  covering,  and 
investigation  shows  that  the  lower  leaf-lobe  is  wettable  on  its  outer  side  and  takes 
up  water  *.  If  one  lays  root- 
less portions  upon  the  surface 
of  a  weak  solution  of  methyl- 
blue,,  the  cell-contents  soon 
become  partly  coloured  blue. 
The  uptake  of  water  occurs 
not  only  through  the  roots 
but  also  through  the  lower 
lobe  of  the  leaf,  which  there- 
fore has  the  double  function 
of  protection  of  the  bud  and 
uptake  of  water,  besides  that 
of  assimilation  which  seems 
to  me  to  be  only  secondary. 
The  upper  lobe,  rich  in  chlo- 
rophyll, is  on  the  other  hand 
essentially  an  assimilation- 
organ,  and  as  it  nowhere  comes  in  contact  with  the  water,  stomata  are  formed  on 
both  sides,  instead  of  on  the  upper  side  only  as  in  float-leaves  generally,  whilst  its 
oblique  position  protects  it,  as  is  the  case  in  Salvinia  auriculata,  against  too  strong 
insolation.  Further,  the  leaves  of  Azolla  by  their  peculiar  configuration  and  posi- 
tion form  many  air-spaces  between  their  lobes,  and  these  are  of  service  not  merely 
in  the  gas-exchange  of  the  plant  but  also  in  enabling  the  plant  to  float.  Azolla  is 
thus  an  instructive  plant  because  it  shows  how  the  formation  of  the  leaf  is  influenced 
by  its  lie — it  has  palisade-parenchyma  upon  the  under  side,  and  a  different  con- 
struction of  the  upper  and  under  lobes — and  also  how  the  conformation  of  the  leaf 
is  bound  up  with  the  manner  of  life. 

Epiphytio  Filices.  Remarkable  heterophylly  also  is  found  in  many 
epiphytic  ferns  ^  and  this  was  formerly  confounded  with  the  differences  in 
configuration  of  sterile  and  fertile  leaves  which  occur  in  many  ferns : — 

Folypodium  (section  Drynaria).     In  Polypodium  quercifolium,  P.  propin- 


FlO.  337.  Azolla  filiculoides.  I,  habit  of  a  shoot,  seen  from  above. 
The  pits  inhabited  by  Anabaena  are  indicated  by  circles  of  dots.  11, 
bud  in  transverse  section.  Oi  »i,  o%  «2i  ot{  »St  o\  u\  are  respectively 
the  upper  and  under  lobes  of  four  leaves.  The  shading  lines  on  o\  and 
0%  inaicate  the  palisade-parenchyma.    Magnified. 


^  This  is  also  the  case  in  a  knd-plant,  Pingaicnla. 

•  See  Goebel,  Morphologische  and  biologische  Studien :  I.  Uber  epiphytische  Fame  nnd 
Mnscineen,  in  Annates  dn  Jardin  botanique  de  Buitenzorg,  vii  (1888),  p.  i ;  id.,  Pflanzenbiologische 
Schildenmgen,  i  (1889),  p.  216. 
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quum,  and  other  species  of  the  section  Drynaria,  there  are  stalked  pinnate  foliage- 
leaves  which  serve  as  assimilation-organs  and  also  bear  the  sporangia ;  but  besides 
there  are  unstalked  nest-leaves^  possessing  broad  heart-like  bases  which  soon  lose 
their  chlorenchyma,  and  being  provided  with  thick  ribs  act  as  accumulators  of 
humus  which  the  fern  then  uses  as  a  *  soil.*  Both  leaf-forms  appear  in  regular 
alternation,  at  least  in  the  cultivated  examples  which  I  have  observed  for  many 
years ;  they  are  not  mixed  up  irregularly  one  with  the  other.  The  formation  of  the 
leaves  as  it  is  described  in  the  germ-plants,  as  well  as  a  comparison  with  allied 
forms,  for  example  P.  Heracleum,  make  it  probable  that  the  species  which  have 
nest-leaves  have  been  derived  from  those  possessing  at  first  stalked-leaves,  all  of 
which  were  assimilation-organs  only ;  then,  a  shortening  of  the  stalk  and  a  broaden- 
ing of  the  base  of  the  lamina  having  taken  place,  only  one  kind  of  foliage-leaf  with 
broad  base  was  produced,  serving  both  for  assimilation  and  for  the  accumulation  of 
humus ;  following  this  a  division  of  labour  occurred,  and  one  leaf  lost  almost 
entirely  the  function  of  assimilation,  whilst  another  became  constructed  as  an 
assimilation-organ  alone. 

Platyceritun.  Like  features  are  to  be  found  in  the  genus  Platycerium  *.  This 
fern  has  two  kinds  of  leaves  :  one  is  that  of  the  mantle-leafy  wholly  spread  out  close 
upon  the  substratum,  or  with  its  posterior  part  erect,  and  thus  able  to  act  as  a  nest- 
leaf;  the  other  is  that  of  the  ordinary  foliage-leaf.  The  mantle-leaves  form  layers 
closely  placed  one  above  the  other,  and  as  they  die  their  humus  is  taken  up  by  the 
roots.  The  erect  portion  collects  humus  just  like  the  nest-leaves  of  the  species  of 
Polypodium  mentioned  above.  The  relationship  between  size  and  organization 
appears  in  these  ferns  very  markedly ;  only  by  the  construction  of  a  special  adapta- 
tion are  they  able  to  reach  the  giant  size  often  attained  by  Platycerium  grande  and 
P.  biforme,  and  which  makes  them  amongst  the  most  bizarre  constructions  in  the 
plant  kingdom. 

Kataphylls  in  Pteridophyta.  The  formation  of  kataphylls  will 
be  treated  of  in  a  special  section,  but  I  may  mention  here  their  occurrence 
in  the  Pteridophyta.  They  are  known  in  only  a  few  species  of  Filices,  for 
instance  in  Onoclea  Struthiopteris  and  some  species  of  Osmunda,  O.  regalis 
and  O.  cinnamomea.  In  Cystopteris  bulbifera  they  occur  as  storage-organs 
on  the  bulb-like  leaf-borne  *  adventitious  shoots  ^.'  They  arise  in  this  way : 
the  leaf-lamina  at  a  relatively  late  stage  of  development — a  stage  quite 
visible  to  the  naked  eye — becomes  arrested,  whilst  the  leaf-base  acts  as 
a  protection  to  the  bud.  In  O.  Struthiopteris,  moreover,  there  are  transi- 
tions also  from  the  foliage-leaves  to  the  kataphylls,  they  are  leaves  with 
a  reduced  lamina.  The  following  remark  of  Stenzel  ^  upon  the  kataphylls 
of  O.  Struthiopteris  illustrates  well  the  earlier  dominant  idealistic  morpho- 


*  See  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  p.  224. 

'  Also  in  the  first  leaves  of  the  adventitious  bads  which  arise  upon  the  fleshy  stipules  of  the 
Marattiaceae  the  lamina  is  usually  arrested. 

'  Stenzel,  Untersnchnngen  iiber  Bau  und  Wachsthum  der  Fame,  in  Nova  Acta  der  KaiserU  Leop.- 
Carol.  Akademie  der  Naturforscher,  xxviii  (1861). 


Digitized  by 


QjOo^^ 


HETEROPHYLLY  IN  DICOTYLEDONES  351 

logy  which  is  even  now  not  without  influence.  *  Their  apex  bears  a  circi- 
nate  leaf-lamina  which,  although  it  is  very  reduced,  prevents  me  from 
recognizing  them  as  kataphylls.'  This  remark  shows  very  clearly  how  the 
genetic  relationship  of  the  foliage-leaves  to  the  kataphylls  ^  was  ignored  in 
idealistic  mqrphology.  Characteristic  kataphylls  are  found  in  the  species  of 
Isoetes  which  grow  upon  land  and  whose  stem  during  the  resting  period  is 
covered  by  a  sheath  of  hard  brown  scales.  These  are  the  basal  portions  of 
leaves  whose  arrested  lamina  is  still  visible  as  a  small  point. 

(2)  SPERMOPHYTA. 

We  leave  out  of  consideration  for  the  moment  the  cotyledons,  hypso- 
phylls,  and  kataphylls,  although  we  shall  see  that  there  is  no  sharp  limit 
between  them  and  the  foliage-leaves,  and  we  shall  pass  over  also  the  primary 
leaves,  which  have  been  already  treated  of,  and  only  deal  with  a  few  examples 
which  may  show  how  the  appearance  of  different  forms  of  leaf  in  one  and 
the  same  plant  can  be  explained  from  the  biological  standpoint. 

(a)   Land-plants. 

Campanula  rotundifolia  and  other  Campanulaoeae.  It  has  been  already 
shown'  that  these  plants  possess  two  leaf-forms  which  are  connected  with  one 
another  by  transitions.  On  the  basal  part  of  the  plant  there  occur  stalked  leaves 
with  roundish  reniform  laminae,  the  so-called  round  leaves  (Fig.  121,  Part  I).  Further 
up  there  are  leaves  which  are  either  unstalked  or  shortly  stalked,  and  have  long 
narrower  leaf-laminae.  These  are  the  long  leaves.  The  absence  of  the  stalk  in  the 
long  leaves  can  be  so  far  explained  by  the  position  of  these  leaves  upon  an  elongated 
shoot-axis,  which  rises  up  over  the  adjacent  parts.  The  narrowing  of  the  leaf- 
laminae  may  make  them  more  resistant  to  mechanical  injuries  in  their  more  exposed 
position.  The  round  leaves  also,  as  has  been  shown,  are  *  attuned '  to  a  less  light- 
intensity  than  are  the  long  leaves,  and  this  may  also  explain  why  such  species  of 
Campanula  as  C.  latifolia,  C.  Trachelium,  and  others,  which  grow  in  stations  of 
a  different  degree  of  shadiness,  for  instance  in  shrubberies,  on  the  margin  of  woods, 
have  no  long  leaves  in  their  upper  part,  but  leaves  which  are  distinguished  from  the 
lower  ones  only  by  the  absence  of  leaf-stalk  and  their  smaller  size.  In  such 
localities  the  leaves  are  also  more  protected  against  wind  and  rain  than  they  are  in 
the  open.  On  the  other  hand  we  find  in  species  of  Edraianthus,  for  example 
E.  Pumilio,  which  grows  on  sunny  rocks,  alike  in  the  upper  and  in  the  basal  part, 
leaves  which  correspond  only  with  the  long  leaves  of  C.  rotundifolia. 

Soabiosa  Columbaria  and  allies.  We  have  a  similar  relationship  in  many 
Dipsaceae.  In  Scabiosa  Columbaria  there  is  a  striking  difference  between  the 
lower  and  the  upper  leaves  (Fig.  228).  The  lower  are  stalked  and  have  a  simple 
leaf-lamina  with  toothed  margin.  As  we  pass  upwards  the  stalk  disappears  and  the 
leaf  becomes  pinnatipartite,  at  first  at  its  base  and  then  later  above,  and  in  the 


»  See  Part  I,  p.  7.  "See  Part  I,  p.  34a. 
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upper  leaves  branches  are  formed  upon  each  lobe.  The  plant  grows  in  sunny 
stations  and  the  basal  leaves  are  more  fitted  to  contend  with  the  environment^  as 
entire  leaves  than  as  divided  ones,  whilst  divided  leaves  on  the  other  hand,  by  their 
division,  are  better  able  to  withstand  wind  and  rain  *.  Putting  aside  this  teleological 
explanation  it  would  appear  that  these  undivided  leaves  are  *  attuned '  to  a  smaller 
light-intensity  than  are  the  divided  ones,  just  as  are  the  round  leaves  of  Campanula 
rotundifolia-  At  least  I  have  found  that  plants  growing  in  shady  places  produce 
more  undivided  leaves  than  do  plants  in  the  sun,  and  Knautia  sylvatica  which 
naturally  grows  in  the  shade,  has  all  its  leaves,  in  the  neighbourhood  of  Munich, 
undivided.  Knautia  arvensis  has  pinnatifid  leaves,  but  there  is  a  *  variety ' — int^ri- 
folia— in  which  the  leaves  are  not  pinnatifid,  and  I  conjecture  that  the  variety  is 

merely  a  shade-form.  Culture 
experiments  are  indeed  neces- 
sary for  the  solution  of  this 
question,  but  that  in  plants 
which  first  of  all  bring  forth 
undivided  leaves,  and  then  later 
leaves  which  are  more  or  less 
divided,  we  can  hinder  the 
formation  of  the  less  divided 
leaves  by  external  conditions 
is  shown  by  the  behaviour  of 
many  arctic  plants.  Regard- 
ing them  Pansch '  says,  *  Some 
plants,  which  in  the  temperate 
zone  possess  mostly  divided  or 
cut  leaves,  for  example  Saxifraga  caespitosa,  Linn.,  and  Taraxacum,  produce  in  the 
far  north  chiefly  simple  leaves.'  This,  however,  does  not  enable  us  to  decide  how 
far  the  difference  is  the  result  of  direct  influence  of  external  factors.  That  the 
segmentation  of  the  leaf  in  Taraxacum  is  much  richer  in  well-nourished  examples 
can  be  easily  established  by  the  comparison  of  the  starved  form  of  our  meadow- 
moors — the  Taraxacum  palustre,  DC. — with  the  well-nourished  examples  of  our 
glens;  and  it  is  likewise  known  that  in  Symphoricarpus  racemosus  segmented' 
leaves  appear  upon  the  luxuriant  water-shoots  whilst  they  are  undivided  commonly. 
A  direct  connexion  of  the  segmentation  of  the  leaf  with  the  external  conditions  of 
life  is  not  perceptible. 

Cases  which  are  the  converse  of  those  which  have  just  been  described  in 
which  then  the  differentiation  of  the  foliage-leaves  in  course  of  development 


FlO.  338.  Scabtosa  Colombaria.  Leaves,  in  the  sacceasion  I,  II, 
III,  IV  from  below  upwards,  from  different  regions  of  the  shoot.  One 
third  natural  size. 


^  Which  suppresses  them  through  withdrawal  of  light  like  the  leaves  pressed  to  the  ground  of 
Flantago  media. 

'  See  Stahl,  Regenfall  and  Blattgestalt,  in  Annalet  da  Jardin  botaniqae  de  Baitenzorg,  xl  (1893), 
p.  168. 

'  Pansch,  Klima  and  Fflanzenleben  in  Ostgronland,  in  Zweite  deatsche  Nordpol£Eihrt,  Botanik, 
p.  18.    See  also  what  is  said  aboot  nanism  in  Part  I,  p.  259. 


Digitized  by 


Goo^^ 


PHYLLODIA 


353 


may  become  simpler  than  it  was  at  the  beginning,  are  met  with  especially 
in  many  plants  with  xerophilous  adaptations  ^. 

Scale-like  Leaves.  So  far  as  morphology  is  concerned  I  may 
mention  here,  because  of  the  analogy  they  show  with  many  kataphylls,  that 
the  scale-like  leaves  of  the  chief  axis,  for  instance,  of  Veronica  lycopodioides 
(Fig.  1 06,  Part  I),  correspond  to  the  leaf -base  of  the  more  highly  segmented 
leaves  which  appear  in  ger- 
mination, and  occasionally  also 
later  as  reversions.  The  la- 
mina is  only  indicated  by  a 
short  point.  In  this  cat^ory 
we  may  also  include — 

Phyllodia.  Here  there 
is  an  alternation  of  function 
between  the  parts  of  one  leaf- 
primordium.  The  leaf-stalk, 
in  many  cases  also  the  leaf- 
spindle  or  rhachis,  is  con- 
structed as  an  assimilation- 
organ,  whilst  the  leaf-lamina 
is  more  or  less  reduced.  The 
expression  phyllodium  has 
been  frequently  used,  in  an 
indefinite  and  wrong  manner, 
for  leaves  which  diverge  from 
the  forms  in  their  alliance  by 
being  simple  and  unsegment- 
ed ;  for  example,  for  the  leaves 
of  the  species  of  Eryngium 
which  are  like  Monocotyle- 
dones,  the  leaves  of  Ranun- 
culus Lingua  and  R.  Flam- 
mula,  and  the  riband-like 
primary  leaves  of  Sagittaria, 
and  the  leaves  of  some  species  of  Lathyrus  ^.  As  we  have  learnt  from  the 
account  of  the  history  of  development  of  the  leaf  above  given,  the  notion 
of  phyllodium  involves  that  an  arrested primordium  of  a  lamina  is  present, 
although  the  arrest  may  take  place  at  a  very  early  period.  But  in  those 
cases  where  the  term  phyllodium  has  been  wrongly  used,  a  leaf-stalk  has 
not  generally  been  laid  down,  and  we  must  keep  the  two  cases  entirely 
separate,  as  they  have  nothing  whatever  to  do  with  one  another. 


Pig.  239.    Rabas  aastralis  var.  cissojdes. 
foliage-leaves  have  well-developed  laminae. 


Seedline^Iant. 
After  A.  Mann. 


The 


*  See  what  is  said  regarding  juvenile  stages,  Part  I,  p.  165. 

GOEBEL    II  A    a 


»  See  Part  I,  p.  162. 
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The  arrest  of  the  leaf-lamina  may  take  place  at  various  ages,  and  there 
are  therefore  transitions  between  phyllodia  and  foliage-leaves. 

BnbtiB  auBtralin.  The  first  example  to  be  quoted  is  of  a  plant  whose 
leaf-stalk  serves  as  an  assimilation-organ,  but  without  suffering  any  striking 
change  in  its  outer  conformation,  whilst  the  size  of  the  lamina  is  reduced. 
It  is  Rubus  australis.  This  plant  occurs  in  different  forms,  which  are  par- 
ticularly marked  by  the  different  degree  of  develop- 
ment of  the  leaf-surface.  The  plant  depicted  in  Fig. 
230  has  branched  leaves  with  very  small  lamina,  and 
the  long  stalks  of  the  leaflets  serve  as  assimilation- 
organs.  The  seedling  (Fig.  229),  on  the  other 
hand,  bears  leaves  with  well-developed  lamina. 
We  can  hardly  speak  here  of  phyllodia  because 


Pig.  a.^a  Rabas  mnatralis  var.  citsoidfs.  Portion  of  an  older  leaf. 
Laminae  of  the  leaflets  reduced.  The  stalk  serves  as  an  assimilating  and 
scrambling.org[an.    After  A.  Mann. 


PlO.  231.  Oxalis 
ruscifolia.  Two  leaves. 
That  to  the  right  has 
a  well-developed  ter< 
nate  lamina.  That  to 
the  left  shows  only  the 
three  points  from 
which  the  leaflets, 
which  were  early  ar- 
rested, have  fallen  o£ 
Natural  sice. 


the  leaf-stalk  has  not  the  flattened  form  which  is  characteristic  of  most 
leaves.  Such  a  limit  is,  however,  scarcely  to  be  drawn,  as  we  know  of 
cylindric  leaves. 

Viminaria  denudata.  Viminaria  denudata,  one  of  the  Leguminosae, 
behaves  like  Rubus  australis.  The  phyllodia  are  cylindric,  and  whilst  no 
apparent  leaf-lamina  is  present,  yet  in  a  careful  investigation  of  the  history 
of  development  it  could  easily  be  shown.  On  seedling-plants  it  is  r^ularly 
present 

Oxalis  rosoifolia.  Fortuitous  formation  of  the  leaf-lamina,  at  least  in 
the  plants  cultivated  in  greenhouses,  appears  in  Oxalis  ruscifolia  (Fig.  231). 
Here  the  leaves  have  a  leaf-stalk  which  is  broadened  out  like  a  lamina. 
The  leaf-lamina  consists  of  three  delicate  leaflets,  and  is  in  many  leaves 
fully  developed  and  falls  away  later,  whilst  in  others  it  never  unfolds.     We 
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have  then  hevtfrom  the  beginning  b,  typical  phyllode  with  arrested  lamina. 
The  event  would  be  quite  the  same  if  it  took  place  at  a  still  earlier:  period^, 
at  a  stage  when  the  primordia  of  the  three  leaflets  of  the  lamina  af  e  visible  ^s 
small  rudiments,  or  at  a  stage  when  the  leaf-lamina  is  still  undifferentiated. 
When  speaking  of  leaf- tendrils  hereafter  we  shall  see  what  a  stumbling-block 
the  notion  of  a  *  transition  *  has  always  been  to  many  authors.  Such  case$ 
as  that  above  explained  are  therefore  worthy  of  mention  here. 

ParkinBonia  aouleata.  Parkinsonia  aculeata  behaves  in  a  similar 
manner  in  so  far  as  the  leaf-spindle  is  here  widened,  and  the  leaflets  sitting 
upon  it  fall  away  later. 

Before  discussing  other  examples  it  must  be  mentioned  that  in  the 
formation  of  phyllodes 
we  have  always  an  ^T^vNJV. 
adaptation  against  loss 
through  intense  tran- 
spiration. We  may  as- 
sume that  in  the  cases 
which  have  been  de- 
scribed, the  tissue  of  the 
leaf-lamina  was  not  in 
a  condition  in  which  it 
could  change  in  response 
to  the  requirements  of 
the  environment,  whilst 
the  leaf-stalk,  which 
arises  as  we  know  at  a 
later  period  in  the  course 
of  the  development,  re- 
mains more  plastic.  That  we  must  regard  the  outer  conditions  as  a  stimulus 
only,  which  brings  about  a  varying  reaction  according  to  the  peculiarity  of 
the  individual  species,  does  not  require  any  further  exposition  *. 

Aoaoia.  The  best  known  examples  of  the  formation  of  phyllodes  are 
to  be  found  in  a  number  of  Australian  species  of  Acacia.  It  is  usually  said 
that  in  the  phyllode  of  Acacia  the  lamina  is  entirely  wanting^.  This 
is  incorrect,  for  the  lamina  can  always  be  seen  upon  the  primordium** 


Pig.  332.    Acacia  calamifolia.    A^  By  C,  staj^  in  the  development  of  a 
/,  the  laminar  primordiam  in  process  of  arrest ;  /,  the  leaf-base 

—  '*^-  phyllode.    Besic^ *-  '-' '  '- *— '"  " 

After  A.  Mann. 


phyllode.  ,  ,  .  -  . 

developing  into  the  phyllode.    Beside  each  leaf  one  of  its  two  stipules  is 

seen.    Magnified. 


*  The  behaviour  of  the  Australian  species  of  Cassia  is  instructive.  Cassia  eremophila  has  a  leaf- 
stalk expanded  vertically,  but  which  bears  pinnules  in  pinnate  fashion;  in  C.  phyllodina  those 
pinnules  are  suppressed.  '  See  Part  I,  p.  217. 

'  Hildebrand,  Uber  die  Jugendzustande  solcher  Pflanzen,  welche  im  Alter  vom  vegetativen 
Character  ihrer  Verwandten  abweichen,  in  Flora,  Iviii  (1875),  p.  322  ;  Frank,  Lehrbuch  der  Botanik, 
ii.  p.  260. 

*  See  Goebel,  Vergleichende  Entwicklungsjjeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbnch 
der  Botanik,  iii  (1884),  p.  241.  A.  Mann,  Was  bedeutet  *  Metamorphose '  in  der  Botanik  ?  Inaug. 
Dissertation,  MUnchen,  1894. 

A  a  2 
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The  lamina  is  relatively  large  in  Acacia  calamifolia  (Fig.  232,  /),  and  the 
whole  history  of  development  of  the  phyllode  conforms  throughout  to 
the  normal  development  of  a  leaf,  only  the  lamina  soon  becomes  stationary 
and  arrested,  the  leaf-stalk  develops  into  the  phyllode.  A  study  of  the 
history  of  germination  leads  to  the  same  result  (Fig.  102,  Part  I).  The 
lamina  is  visible  in  Fig.  233  representing  a  shoot  of  Acacia  alata. 

In  some  species  of  Acacia,  for  example  A.  floribunda,  A.  melanoxylon, 
and  A.  uncinata,  there  are  transition-forms  which  show  that  the  rhachis  may 
have  a  share  in  the  formation  of  the  phyllode. 

The  configuration  of  the  phyllodes  varies  greatly  in  the  genus  Acacia  ^. 
We  may  consider  as  *  typical  *  the  phyllode  which  is 
developed  in  a  vertical  direction  and  has  a  leathery 
texture,  but  the  phyllodes  may  be  needle-like,  as  in 
A.  juniperina  and  A.  verticillata,  or  cylindric  and 
stalk-like,  as  in  A.  teretifolia,  A.  juncifolia,  A.  scirpi- 
folia,  and  others.  We  do  not  know  what  is  the 
relation  between  the  configuration  of  the  phyllode 
and  the  habitat  in  individual  cases,  and  we  must 
therefore,  in  framing  an  explanation  of  the  forms, 
draw  upon  the  whole  behaviour  of  the  plants.  It  is 
clear  that,  in  one  and  the  same  place,  a  plant  which 
possesses  a  deep  widely  spread  root-system  requires 
the  formation  of  its  leaves  to  be  less  adapted  to  the 
lessening  of  transpiration  than  does  one  in  which  the 
root-formation  is  less  developed  ^  It  is  also  scarcely 
open  to  doubt  that  the  profile  position  of  the  leaves 
Fio.  2«.    Acacia  aiaia-     which  is  SO  common  in  Australian  plants,  and  which 

Apex  of  shoot  winf^ed  by  phyl-  ^  ' 

lodes.  Beside  each  phyllode    js  also  obscrvcd  in  the  formation  of  phyllodes,  is  an 

one  of  the  two  stipales  of  the  r    j  > 

uSJiifa^the  \  fiS^"^***^  arrangement  for  the  lessening  of  transpiration.  The 
degree  to  which  this  control  is  developed  varies 
greatly  in  the  different  species  of  Acacia  which  have  phyllodes.  Many 
have  their  phyllodes  constructed  as  relatively  thin  plates  of  tissue  of 
considerable  size,  resembling  in  their  configuration  very  markedly  the 
leaves  of  many  species  of  Eucalyptus,  and  these  will  naturally  transpire 
more  than  the  forms  with  small  needle-like  phyllodes.  Of  species  possess- 
ing such  needle-like  forms  A.  verticillata  (Fig.  245)  is  worthy  of  mention 


*  See  Rdnke,  Untersuchungen  iiber  die  Assimilationsorgane  der  Leguminoseen :  VI.  Mimosaceen, 
in  PriDgsheim's  JabrbUcher,  xxx  (1897),  p.  563. 

*  The  relationships  of  the  root-system  to  the  epigeous  part,  especially  to  the  leaf-formation,  is 
generally  little  regarded.  These  relationships  are  evidently  different  in  the  seedling  and  in  the 
adult ;  and  that  in  good  soil  many  thorny  plants  do  not  have  their  twigs  developing  into  thorns  is 
essentially  connected  with  the  development  of  the  root-system.  The  effect  of  the  relationship 
must  be  more  marked  in  bad  soil  than  in  good  soil,  and  must  be  specially  influenced  by  the  water- 
supply. 
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because  in  it  we  find  a  division  of  labour  amongst  the  leaves.  Only  a  few 
of  its  phyllodes  have  axillary  shoots,  and  it  is  such  phyllodes  only  which 
commonly  are  provided  with  stipules^  and  they  precede  the  others  in 
development.  This  has  given  rise  to  the  incorrect  hypothesis  that  the 
phenomena  here  are  similar  to  those  observable  in  the  Stellatae,  that  is  to 
say,  that  the  phyllodes  which  have  no  stipules  and  no  axillary  shoots  are  not 
independent  leaves,  but  the  stipules  of  the  others. 

In  some  species  of  Acacia  we  find  an  alternation  between  the  formation 
of  phyllodes  and  of  foliage-leaves,  even  after  the  plant  has  long  passed  the 
seedling  state.  This  happens  in  A.  heterophylla,  A.  melanoxylon,  and 
others.  We  have  here  possibly  a  case  like  that  which  has  been  described 
above  in  Hakea  trifurcata^  and  which  is  also  known  elsewhere,  namely, 
that  the  several  shoots  which  develop  periodically  repeat  the  alternation  of 
the  configuration  of  the  leaf  which  is  found  in  the  seedling,  and  that  at  the 
beginning  of  the  vegetative  period,  when  water  is  abundant,  the  juvenile  form 
of  leaf  is  formed,  and  then  later  the  formation  of  phyllodes  sets  in.  In 
plants  grown  in  the  botanic  garden  such  a  periodicity  is  unrecognizable, 
but  then  such  plants  are  not  under  natural  conditions.  It  is  easy  to  see 
that  the  formation  of  phyllodes  is  no  longer  under  the  direct  influence 
of  outer  conditions,  for  seedling-plants  of  Acacia  which  I  examined  formed 
phyllodes  even  though  they  were  cultivated  in  a  very  moist  chamber.  On 
the  other  hand  it  has  happened  ^  in  young  plants  of  A.  verticillata,  which 
had  reached  the  stage  of  the  formation  of  phyllodes,  that  when  they  were 
retained  for  a  very  long  time  in  a  very  dry  chamber  and  were  thus  *  en- 
feebled,' the  formation  of  phyllodes  was  again  called  forth  by  cultivation  in 
a  moist  chamber.  All  these  phenomena  will  find  their  explanation  if  we 
remember  the  important  fact  of  development,  that  the  primordium  of  the 
lamina  is  always  present  in  the  phyllode,  although  in  most  cases  its  capacity 
for  development  is  limited  only  to  the  seedling-plant. 

{b)  Marsh  and  Aquatic  Plants. 

Differences  in  the  leaf-forms  are  frequently  met  with  in  plants  in  which 
the  vegetative  organs  are  placed  partly  under,  partly  above  the  surface  of 
the  water.  We  shall  pass  over  the  differences  in  anatomical  structure  and 
consider  only  the  differences  of  form  *.  There  are  two  groups  of  phenomena 
to  be  noticed  here. 

MONOCOTYLEDONES.  In  monocotylous  aquatic  and  marsh  plants  the 
submerged  leaves  are  essentially  more  simple  than  are  those  above  the 
water.  The  submerged  leaves  have  frequently  a  riband-form^  the  aerial 
leaves  have  frequently  a  segmentation  into  lamina,  stalk,  and  sheath.    That 


^  Other  species  occasionally  have  stipules. 

«  Sec  p.  294.  '  »  See  Part  I,  p.  172. 

^  See  Goebel,  Pflanzenbiologische  Schildenmgen,  ii  (1893),  p.  317,  for  details. 
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this  latter  conformation  will  be  more  advantageous  in  enabling  the  leaves  to 
rise  above  the  water  or  to  float  upon  its  surface  requires  no  demonstration, 
and  it  is  also  clear  that  leaves  living  submerged  in  water  do  not  require  seg- 
mentation into  stalk  and  lamina  ^. 

DiCOTYLEDONES.  A  second  kind  of  heterophylly,  which  resembles 
that  in  Salvinia  mentioned  above,  is  found  in  a  number  of  dicotylous  plants 
which  possess  leaves  appearing  above  the  water-surface  and  leaves  re- 
maining submerged.  The  leaves  appearing  above  the  water-surface  have 
either  entire  margins,  for  instance  the  float-leaves  of  Cabomba,  or  have 
a  surface  which  is  only  slightly  divided  at  the  margin  as  in  Ranunculus 
aquatilis,  Bidens  Beckii,  and  Limnophila  heterophylla  ^  The  submerged 
leaves,  on  the  other  hand,  are  divided  into  numerous  filaments,  so  that  they 
expose  a  relatively  large  surface  to  the  water  out  of  which  they  take  the 
material  for  their  food.  The  biological  utility  of  the  difference  in  the  form 
of  leaf  is  also  clear,  although  as  has  been  already  stated  ®,  there  are  but 
few  cases  where  a  direct  influence  of  the  water-life  upon  the  leaf-form  can  be 
established. 

Lmmophila  heterophylla.  I  had  expected  to  find  an  illustration  of  this 
influence  in  Limnophila  heterophylla*  because  in  this  plant  all  transitions  may 
be  readily  observed  from  the  much  cut  apparently  verticillate  water-leaves  to  the 
undivided  leaves  which  stand  upon  the  shoot  above  the  surface  of  the  water.  The 
observations  which  I  was  able  to  make  on  living  plants  ^  showed,  however,  that  no 
such  direct  influence  occurs.  The  seedling  produces  divided  leaves  whether  germina- 
tion takes  place  in  water  or  upon  the  land,  although  in  water  the  leaves  are 
more  elongated  and  show  a  different  anatomical  structure.  Cuttings  also  from 
the  upper  portion  of  the  plant,  where  the  leaves  are  undivided,  if  cultivated  as 
land-plants f  produce  not  only  side  shoots  with  divided  leaves,  but  themselves  grow 
partly  at  the  tip  into  shoots  producing  this  form  of  leaf. 

Cabomba.  The  relationships  in  Cabomba  where  the  water-leaves  are  divided 
are  similar.  The  simple  peltate  float-leaves  are  only  produced  at  the  flowering 
period.  Although  it  is  natural  to  assume  that  the  form  of  the  water-leaves  is  the 
result  of  a  direct  adaptation,  there  is  no  proof  of  it  up  to  the  present. 

Banuneulus  multifldus.  Ranunculus  multifldus  which  is  a  form  only  slightly 
adapted  to  life  in  water*,  shows  when  growing  in  the  water  a  much  richer  branching 
of  the  leaf-lamina  (Fig.  128,  Part  I),  and  it  is  very  probable  that  a  similar  direct 
influence  took  place  originally  in  other  similar  leaves,  although  it  cannot  now  be 
proved. 


'  See  also  Part  I,  p.  165. 

'  In  Bidens  Beckii  and  Limnophila  heterophylla  there  are  no  float-leaves. 

»  See  Part  I,  p.  260.  *  See  p.  333. 

•  Plants  I  brought  from  Ceylon  grew  easily  and  luxuriantly  under  cultivation. 

•  See  Goebel,  Pflanzenbiologische  Schilderungen,  ii  (1893),  p.  313. 


Digitized  by 


QjOo^^ 


ORIGIN  AND  FUNCTION  OF  STIPULES 


359 


VI 
STIPULES,  LIGULES,  STIPELS 

I.    ORIGIN  AND  FUNCTION  OF  THE  STIPULES. 

The  expression  stipule  was  made  use  of  by  the  older  authors  in  no 
very  sharply  limited  sense.  They  understood  by  it  any  small  leaves  or 
leaf-parts,  as  for  example  hypsophylls,  or  prophylls,  or  the  intravaginal 
squamules  in  the  axil  of 
the  leaf-base  of  many 
water-plants^.  As  stipules, 
however,  we  can  only  de- 
signate appendages  of  the 
leaf-base,  which  spring 
right  and  left  from  the  leaf- 
base,  as  do  the  pinnules 
and  leaf-teeth  from  the 
upper  part  of  the  primor- 
dium  of  the  leaf.  Phe- 
nomena of  growth  appear 
later,  and  in  many  cases 
conceal  the  original  fea- 
tures. 

In  the  simplest  case 
the  leaf-base  continues  to 
elongate  after  the  laying 
down  of  the  stipules  and 
raises  the  stipules  some- 
what. These  are  then 
'  adnate  stipules.'  Fre- 
quently more  far-reaching  changes  ensue  which,  however,  as  will  be 
shown,  can  be  elucidated  by  a  comparison  with  allied  forms  and  by  the 
history  of  the  development — take,  for  example,  the  axillary  stipule  of 
Ficus  and  other  plants.  The  recognition  of  this  frequently  led  also  to 
the  derivation  of  other  outgrowths  of  the  leaf-base  from  the  formation  of 
free  stipules.  Free  stipules  were  taken  as  the  '  type '  because  they  occur 
in  a  number  of  plants  and  suffer  definite  modifications,  and  to  it  even 
structures,  like  the  ligule  of  grasses,  were  referred  by  the  assumption  of 

^  See  Caspaiy,  Die  Hydrilleen  (Anacharideen,  Endl.),  in  Pringsheim's  Jahrbiicher,  i  (1858), 
p.  394.  The  intravaginal  iquamules  aie  organs  which  lecrete  mndlage  for  the  protection  of  the 
bud,  as  I  showed,  and  as  was  confirmed  by  Schilling,  Anatomisch-biologische  Untenuchnngen  iiber 
die  Schleimbildnng  der  Wasserpflanzen,  in  Flora,  Ixxviii  (1894),  p.  380. 


Pig.  234.  Cobaea  acandens.  Portion  of  a  shoot  seen  obliqaely  from 
the  side.  The  lowermost  pair  of  pinnules  of  the  leaf  that  is  shown  cat 
off  to  the  left  have  each  an  aaricled  base,  and  these  cover  the  axillary 
bad. 
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a  *  concrescence '  or  other  change.  This  retracing  assumption,  which  up  to 
the  most  recent  times  has  been  dominant,  I  hold  and  shall  endeavour 
in  what  follows  to  show  is  altogether  an  incorrect  generalization.  Out- 
growths of  the  leaf-base,  even  of  the  leaf-surface — in  the  form  of  the  ligule 
of  Selaginella  and  Isoetes  which  secretes  slime,  as  well  as  of  stipels  or  of 
transformations  of  the  basal  parts  of  the  leaf-lamina — are  developed  in 
different  families  *for  the  purpose'  of  protecting  the  bud.  That  this  fre- 
quently takes  place  to  the  right  and  left  of  the  leaf-base  is  easily  under- 
standable because  here  the 
axillary  bud  is  chiefly  exposed. 
I  must,  in  the  first  instance, 
bring  forward  a  few  examples 
about  which  there  has  been 
some  doubt  as  to  whether  they 
are  really  stipules,  or  only 
the  lowermost  leaf-pinnules. 

Cobaea  soandens.  In 
Cobaea  scandens  the  lower- 
most pinnules  of  the  foliage- 
leaf  have  a  different  configu- 
ration from  the  others  (Figs. 
234,  235).  Whilst  the  upper 
pinnules,  as  is  usuaP,  are 
asymmetric  with  their  basi- 
scopic  half  the  larger,  in  the 
lowermost  leaf-pair  the  acro- 
scopic  half,  that  is  to  say  the 
side  turned  away  from  the 
shoot-axis,  is  the  broader,  and 
at  its  base  is  provided  with  an 
ear-like  excrescence.  Careful 
examination  shows  that  the  axillary  bud  is  formed  beneath  the  *  auricles  *  of 
the  lowermost  pinnules  which  form  a  roof  over  it  and  so  protect  it  against 
rain  and  sun.  The  position  here  is  quite  different  from  the  usual  one  that  is 
found  when  the  stipules  protect  a  bud,  because  commonly  the  stipules  have 
their  upper  side  turned  to  the  bud,  whilst  these  lowermost  pinnules  of  Cobaea 
turn  their  under  side  towards  it.  In  the  light  of  these  obsei-vations  we  can, 
however,  readily  understand  what  is  the  teleological  meaning  of  this  divergent 
configuration  of  the  pinnules.  It  is  possible  that  something  else  has  to  be 
considered,  but  one  can  scarcely  ascribe  a  special  significance  to  the  circum- 
stance that  raindrops  can  collect  in  the  narrow  depression  formed  by  the 


Pig.  235.  Cobaea  scandens.  Leaf  seen  rom  above.  Apor« 
tion  only  of  the  tennioal  tendril  is  ^own.  Each  pinnale  of  the 
lowermost  pair  has  an  aoricolar  outgrowth  directed  apward. 


'  See  Part  I,  p.  laa. 
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lowermost  pinnules,  although  of  course  one  may  suppose  that  this  might 
also  prevent  the  access  of  'unbidden  guests'  to  the  flowers.  The  case 
shows  us  at  any  rate  how  leaf-pinnules  can  be  transformed  into  protective 
organs  resembling  stipules,  and  one  might  conjecture  that  elsewhere — but 
not  everywhere ! — stipules  have  taken  origin  in  a  similar  way. 

Guilandina.  A  striking  example  of  the  employment  of  the  lower 
pinnules  as  stipules  is  supplied  by  a  species  of  Guilandina  from  Ceram, 
which  is  cultivated  in  the  garden  at  ^uitenzorg  (Fig.  236).  The  leaf  is 
bipinnate ;  the  lowermost  pinnules  have  a  peculiar  form  and  are  developed 
to  serve  as  stipules. 
Possibly  we  have  the 
same  thing  in  other 
L^uminosae. 

IiotuB  oomionla- 
tUB.  The  leaves,  again, 
of  Lotus  corniculatus 
are  temate  arid  have 
two  persistent  stipules, 
but  below  these  there 
IS  found  on  each  side 
a  small  tooth  which 
by  many  is  considered 
the  proper  stipule.  If 
this  is  right,  which  can 
only  be  determined  by 
comparative  investigation,  the  lowermost  pinnules  here  are  developed  in 
the  place  of  the  arrested  stipules,  and  have  taken  on  quite  a  stipular  form. 

TetragonolobuB  siliquosujB.  In  this  plant  we  have  the  same  features 
as  in  Lotus  corniculatus. 

Auricles.  It  is  not  possible  in  many  cases  to  separate  sharply  the 
pinnules  from  the  stipules,  and  we  find  in  many  plants  outgrowths  at  the 
base  of  the  leaf-lamina  which  are  described  as  auricles,  and  these  have 
grown  out  into  stipular  formations.     One  example  of  this  will  suffice. 

Adenostyles  albifrons.  The  leaves  on  the  under  portion  of  the  stem  of 
Adenostyles  albifrons  have  a  sheath-like  leaf-base  (Fig.  237,  T).  This  appears 
in  the  leaves  which  stand  higher  up  as  two  lobe-like  expansions,  and  these, 
in  the  stage  represented  in  Fig.  237,  ///,  have  become  quite  stipule-like 
structures.  The  only  reason  why  they  are  not  called  stipules  is  that  they 
are  not  present  on  the  lower  leaves ;  but  we  can  easily  find  a  biological 
reason  for  this.  The  lower  leaves  have  only  the  stem-bud  to  protect,  whilst 
the  upper  leaves  have  to  protect  the  massive  primordium  of  the  inflores- 
cence, and  the  wing-like  expansion  of  the  leaf-base,  which  has  led  to  the 
formation  of  the  stipules,  corresponds  to  this  duty. 


Pig.  336.    Gailandina  sp.  (Ceram).    Stipules. 
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In  most  of  the  other  plants  which  have  got  stipules  these  have  arisen 
in  much  the  same  way  only  they  are  present  in  all  leaves.  In  many  cases, 
however,  their  origin  has  been  different. 

Vibumtim.  Lubbock^  has  in  connexion  with  this  pointed  out  that 
in  the  genus  Viburnum  only  V.  Opulus  possesses  stipules,  and  he  supposes 
that  these  *  stipules  *  are  so  placed  in  the  intervals  between  the  leaf-bases 
that  they  protect  the  stem-bud.  It  must  be  noted,  however,  that  the 
stipules  here  bear  almost  always  glands  at  their  apex,  and  further  that 
they  appear  often  in  pairs  at  the  base  of  a  leaf  (Fig.  238)*.  Now 
below  the  lamina  there  appear  a  number  of  disk-like  glands — which  are 
much  sought  after  by  ants,  and  their  secretion  may  also  take  a  share 
in  the  protection  of  the  bud^  a  point  to  which  Lubbock  gives  too  little 


Fig.  237.     Adenostyles  albifrons.    Appearance  of  the  leaf-sheath.    /,  a  lower  leaf;  //  and  ///,  from  higher  up 
the  shoot. 

attention — and  there  are  transitions  between  these  sessile  glands  and 
the  stipules.  These  *  stipules,*  then,  are  nothing  more  than  stalked  leaf- 
glands  ;  on  account  of  their  position  they  may  be  named  *  stipules  *  because, 
as  I  have  endeavoured  to  show  above,  stipules  have  no  uniformity  in  origin. 
In  deciding,  then,  the  question  what  parts   that  occur  at  the  base 


^  Lnbbock,  On  Bads  and  Stipules,  London,  1899. 

^  Impatiens  glandnlosa  behaves  in  a  like  manner.  The  lower  teeth  of  the  leaves  are  transformed 
into  glands.  Snch  stalked  glands  are  found  also  in  pairs  or  in  greater  number  upon  the  expansion 
which  unites  the  bases  of  the  opposite  leaves.  One  may  regard  them  as  *  stipules.*  Sambucns 
nigra  also  shows  on  strong  shoots  formations  corresponding  to  those  of  Viburnum  Opulus.  Between 
its  two  opposite  pinnate  leaves  there  occur  two  or  three  nearly  cylindric  or  somewhat  flattened 
'  stipules,'  bearing  at  their  apex  a  gland.  Similar  structures  are  found  also  singly  at  the  base  of 
each  of  the  leaves  of  the  lowermost  two  pairs  of  pinnules,  and  they  are  often  constructed  like  leaves, 
and  indeed  considered  as  lateral  leaflets  of  the  second  degree.  They  often,  however,  are  not 
developed.  In  many  plants  the  capacity  for  a  higher  leaf-development  remains  latent.  The  lower- 
most pinnules  of  the  potato,  for  example,  also  ^ow  frequently  an  indication  of  the  formation  of 
pinnules  of  the  second  order,  and  in  very  strong  examples  these  may  be  fully  developed. 
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of  a  leaf  are  to  be  considered  as  stipules,  function  must  be  taken  into 
consideration.  That  this  function,  in  the  first  place,  is  that  of  protecting 
the  bud  has  been  already  stated,  and  it  is  performed  in  two  ways : — 

{a)  Some  stipules  protect  the  lamina  of  the  leaf  upon  which  they 
spring,  along  with  the  portion  of  the  shoot  which  lies  above  it,  for  example 
in  Cunonia  capensis,  Castanea  vesca,  Amicia  Zygomeris,  and  others ; 

{b)  Other  stipules  protect  the  next  higher  leaves,  for  example  in  species 
of  Cinchona,  Magnolia,  Ficus,  Liriodendron,  and  others. 

Protective  Function  of  Stipules.  Frequently  the  work  of  pro- 
tection is  the  only  function  of  stipules.  In  trees  with  marked  periodic 
development  as,  for  example,  Quercus  and  Fagus,  the  stipules  fall  after 
the  unfolding  of  the  winter-bud.  They  are  caducous.  In  the  buds  of 
these  plants  the  lamina  of  the  outermost  leaves  is  arrested  at  an  early 
period,  and  then  the  stip- 
ules alone  discharge  the 
function  of  protection ; 
in  the  inner  leaves,  how- 
ever, the  primordium  ot 
the  foliage- leaf  attains  its 
normal  size.  An  arrest 
of  the  lamina  on  the 
leaves  whose  stipules 
serve  as  protective  organs 
during  the  resting  period 
is  exhibited  in  very  un- 
equal d^ree,  as  other 
plants  show.  Sometimes 
the  arrest  is  early,  some- 
times it  is  late.  In  Lirio- 
dendron tulipifera  at  the 
end  of  the  vegetative 
period  the  outermost  leaf 
is  already  laid  down  in  a 

complete  condition  with  lamina,  stalk,  and  two  stipules,  but  only  the  stipules 
remain  as  bud-scales,  the  lamina  and  stalk — the  leaf  itself— are  arrested  and 
fall  away ;  on  the  next  leaf  also,  which  will  be  the  first  to  unfold  in  the 
spring,  the  stipules  alone  develop  further.  In  this  case  the  primordium  of 
the  leaf  becomes  arrested  only  at  a  late  stage  of  development,  yet  the  process 
is  fundamentally  the  same  as  that  which  is  found  in  Quercus  and  Fagus 
and  like  plants.  The  tendency  thereto  is  undoubtedly  transmitted  by  the 
shoot-axis,  whose  intemodes  remain  extremely  short  between  the  bud- 
scales. 

Assimilative  Function  of  Stipules.    In  other  cases  the  stipules 


Fig.  238.  Vibarnnm  Opalns.  Portion  of  a  shoot.  Two  pairs  of 
*  stipules  *  at  the  base  of  each  leaf  of  the  pair.  Glands  on  the  petioles 
below  the  lamina.    Mag^nificd  2. 
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take  a  share  in  the  assimilation-work  of  the  foliage-leaves  and  live  as  long 
as  these  do.    Such  stipules  are  persistent. 

Number  of  Stipules.  As  to  the  number  of  the  stipules  we 
commonly  find  that  there  is  one  stipule  upon  each  side  of  the  leaf-base, 
apart  from  concrescences  and  splittings.  In  Viburnum  Opulus  (Fig.  1^38) 
we  have  not  infrequently  a  pair,  as  is  the  case  also  in  Sambucus  Ebulus,  in 
which  plant  the  number  and  construction  of  the  stipules  is  very  variable — 
sometimes  there  are  two  structures  completely  formed  like  pinnate  leaves, 
sometimes  there  are  four,  and  especially  upon  the  upper  leaves  and  on 
the  first  strong  lateral  shoots  the  stipules  are  much  smaller  and  reduced 
to  stalked  glands  like  those  in  Sambucus  nigra  ^. 

Vascular  Supply  of  Stipules.  That  the  stipules  are  basal  out- 
growths of  the  primordium  of  the  leaf  is  also  shown  by  the  course  of  the 
vascular  bundles,  although  I  do  not  think  that  this  is  a  point  of  great 
importance  in  the  notion  of  *  stipule.'  As  is  pointed  out  by  De  Bary  \ 
the  bundles  which  enter  into  the  stipules  are  mostly  branches  from  the 
leaf-bundles.  Colomb^  found  this  to  be  the  case  in  all  the  plants  he 
investigated.  I  would,  however,  call  an  organ  a  stipule  which  had  other- 
wise all  the  characters  of  a  stipule,  even  if  it  had  independent  vascular 
bundles,  and  Colomb's  derivation  of  the  stipules  from  ligular  formations 
I  hold  to  be  quite  unsupported  and  I  shall  advance  further  proof  of  this 
presently. 

2.     DEVELOPMENT  OF  STIPULES. 

It  has  been  shown  above  that  the  stipules  are  outgrowths  of  the  leaf- 
base.  The  time  of  their  origin  is  not  fixed.  In  general  it  may  be  said 
with  Massart*  that  the  stipules  arise  the  earlier ^  the  earlier  their  work 
as  protective  organs  begins.  In  Hydrocotyle,  for  example,  where  they 
enclose  the  leaf  upon  which  they  arise,  they  appear  very  early  before  the 
indication  of  any  segmentation  of  the  primordium  of  the  leaf  ^  But  most 
stipules  have  only  to  protect  the  younger  leaves  of  the  bud,  and  then  they 
arise  after  or  before  ®  the  appearance  of  the  differentiation  of  the  upper  leaf; 
if  their  function  is  an  insignificant  one  or  they  are  inclined  to  arrest  then 
they  arise  relatively  late. 

Arrest  of  Stipules.    Such  an  arrest  of  the  stipules  takes  place 


^  See  footnote  2  on  p.  363. 

'  De  Bary,  Comparative  Anatomy  of  the  Vegetative  Organs  in  the  Phanerogams  and  Ferns 
(English  Edition),  Oxford,  1884,  p.  297. 
'  Colomb,  Recherches  snr  les  stipules,  in  Annates  des  sciences  naturelles,  s^r.  7,  vi  (1887). 

*  Massart,  La  r^capitnlation  et  Tinnovation  en  embryog^nie  v^g^tale,  in  BuUetins  de  la  Society 
Royale  de  Botanique  de  Belgiqne,  xxiii  (1894). 

*  Massart's  figure  is  very  unsatisfactory. 

'  According  to  Massart  they  arise,  in  Cunonia  capensis,  before  the  primordium  of  the  lamina 
appears.    This  exception  to  an  otherwise  general  rule  requires  further  investigation. 
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frequently,  so  that  the  stipules  may  appear  as  small  teeth  or  may  be 
entirely  wanting.  Their  absence  is  teleologically  explained  when  the  pro- 
tection of  the  bud  is  otherwise  provided  for.  Such  a  case  has  already  been 
described^  in  the  leaves  of  Lathyrus  Clymenum,  which  have  extremely 
reduced  stipules,  sometimes  invisible.  The  increase  in  breadth  of  the 
whole  leaf-primordium  has  made  superfluous  the  development  of  the 
stipules  as  protective  organs.  We  find  the  same  in  other  cases,  for  example 
in  Tropaeolum  majus,  where  the  stipules  arise  only  upon  the  first  two 
leaves  as  small  pointlets  and  the  broadened  leaf-stalk  itself  protects  the 
axillary  bud.  The  case  of  Helianthemum  described  by  Lubbock^  is 
instructive.  A  number  of  species  like  H.  vulgare  and  H.  tomentosum 
have  stipules;  others  like  H.  oelandicum  and  H.  lasianthum  have  none. 
The  former  possess  a  narrow  leaf-stalk,  the  latter  have  a  broadened  sheath- 
like leaf-stalk,  and  in  the  former  the  stipules  act  as  a  protection  to  the 
bud,  in  the  latter  the  leaf-sheath.  In  H.  guttatum  the  leaves  in  the  lower 
part  of  the  shoot  have  no  stipules ;  stipules  appear  in  the  vicinity  of  the 
flower-region,  occasionally  one  of  them  is  more  or  less  arrested.  A 
comparison  with  the  case  of  Adenostyles  ^  gives  us  a  biological  explanation 
of  this. 

Distribution  of  Stipules  in  the  Plant  Kingdom.  It  would 
carry  me  too  far  here  to  give  the  story  of  the  distribution  of  stipules  in 
the  different  families,  and  the  few  illustrations  I  have  mentioned  show  that 
the  appearance  of  these  organs  within  the  genera,  even  within  the  course 
of  development  of  one  plant,  may  vary.     I  will  only  say : — 

Fteridophyta.  Stipules  are  found  in  the  Marattiaceae  of  the  group 
of  the  Fteridophyta,  and  their  thick  fleshy  appearance  is  extremely 
characteristic*.  The  structures  which  were  frequently  considered  to  be 
stipules  in  the  Ophioglossaceae  are  not  of  this  nature. 

Monoootyledones.  In  Monocotyledones,  whose  ligular  formations  will 
be  presently  mentioned,  typical  stipules  are  unknown,  and  this  is  con- 
nected with  the  wide-spread  existence  of  the  strongly  developed  leaf- 
sheath  in  this  group.  The  interpretation  of  the  structures  which  stand 
in  the  axil  of  the  leaves  of  Tamus  europaeus  and  of  the  tendrils  of  Smilax 
as  stipules  is  certainly  incorrect  *. 


*  See  Part  I,  p.  162. 

'  Lnbbock,  On  Buds  and  Stipules,  London,  1899,  p.  203,  thinks  that  the  time  of  origin  of 
stipules  distinguishes  them  from  pinnules,  and  that  in  a  compound  leaf  with  basipetal  development 
they  appear  not  last  but  relatively  first.  But  this  entirely  overlooks  the  biological  point  that  early 
origin  is  connected  with  earliness  of  functional  activity. 

*  See  p.  361. 

*  These  are  axillary  stipules.    They  appear  in  the  same  manner  in  Todea. 

*  With  regard  to  Smilax  see  p.  223. 
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3.     RELATIONSHIPS   OF  CONFIGURATION  OF  THE  STIPULES 
AND  THEIR  TRANSFORMATION. 

Stipules  do  not  stand  in  such  varied  relationships  to  the  outer  world 
as  do  the  leaves,  and  therefore  their  configuration  is  simpler  than  is  that 
of  leaves.  The  size  and  form  of  the  stipules  is  closely  connected  with  their 
function  as  protections  to  the  bud.  Where,  as  in  Vicia  Cracca  (Part  I, 
Fig.  78),  they  have  only  to  fill  the  space  between  the  leaf-pinnules  in  the 
bud,  they  are  naturally  smaller  than  where  they  have  to  cover  the  whole 
bud,  as  in  Bauhinia  and  Lathyrus  Aphaca  (Part  I,  Figs.  7a  and  77).  The 
form  and  size  of  the  stipules  often  change  in  the  course  of  the  individual 
development,  during  which  of  course  the  size  of  the  bud  which  is  being 
protected  increases,  and  it  is  clear  that  buds  of  an  inflorescence  require 
more  room  than  a  vegetative  bud.  The  primary  leaves  of  Viola  tricolor 
have,  for  example,  no  stipules,  then  follow  leaves  with  simple  stipules,  and 
further  up  the  stem  come  leaves  with  large  pinnatifid  stipules.  The  lobes 
of  these  stipules  bear  glands  which  secrete  mucilage  and  serve  markedly 
in  this  relationship  for  the  protection  of  the  bud.  Whether  this  is  the 
case  in  all  fringed  stipules  requires  further  investigation. 

Inequality  in  Size.  Not  infrequently  the  two  stipules  of  a  leaf 
differ  from  one  another.  In  the  dorsiventral  shoots  of  many  Legfuminosae  * 
the  stipule  which  stands  upon  the  illuminated  side  is  greater  than  that 
upon  the  shaded  side,  and  in  Ervum  monanthos  the  smaller  stipule  is 
simple  whilst  the  larger  has  its  margin  divided  into  lobes.  Perhaps  this 
is  connected  with  the  fact  that  the  axillary  shoot  of  the  Leguminosae 
is  displaced  towards  the  illuminated^  side  and  requires  here  more  perfect 
protection. 

RELATIONSHIPS  OF  SYMMETRY.  With  regard  to  the  symmetry- 
relationships  of  the  stipules  nothing  will  be  said  here  as  the  subject  has 
been  already  discussed  ^.  Their  peculiar  construction  in  many  Legumi- 
nosae only  requires  here  a  short  notice: — 

Stipular  Appendages  in  Leguminosae.  We  have  here  to  deal  with 
appendages  which  are  found  at  the  base  of  many  stipules  and  which  make 
these  sagittate  or  half-sagittate.  The  relationships  are  not  so  simple  as 
might  appear  from  Lubbock's  description*,  because  the  significance  of 
the  stipular  lobe  is  evidently  not  the  same  in  all  cases.  In  Aeschynomene 
indica  the  stipules  are  unilaterally  prolonged  outwards  at  the  base,  and 
this  prolongation  invests  the  outer  side  of  the  young  internode  whilst  the 
stipule  itself  covers  the  bud.  The  meaning  of  the  appendage  is  here  quite 
clear.     Lathyrus  pratensis  has  usually  two  stipular  lobes  of  which  one 


*  See  Part  I,  p.  121.  *  See  Part  I,  pp.  121  and  126. 

'  See  Part  I,  p.  125.  *  Lubbock,  On  Buds  and  Stipules,  London,  1899,  P»  ^75* 
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is  not  infrequently  arrested  or  only  indicated  by  a  small  tooth,  whilst  the 
larger  lobe  is  on  the  outside.  In  the  primordium  of  the  bud  these  stipular 
lobes  cover,  as  in  some  other  species  of  Lathyrus,  only  so  small  a  portion 
of  the  surface  of  the  internode  that  they  can  scarcely  be  considered  as 
protective  organs  to  this  as  they  are  in  Aeschynomene,  rather  might  one 
say  that,  where  they  lie  nearly  horizontally  against  the  stem-surface 
(Fig.  239,  to  the  left),  they  serve  to  hold  the  stipules  in  their  right  position. 
After  their  exit  from  the  bud-condition  they  enlarge  considerably,  and 
this  would  seem  to  indicate  that  they  have  in  the  unfolded  condition  a 
definite  function  to  perform.  In  Lathyrus  latifolius  (Fig.  239,  to  the  right) 
they  appear  to  serve  the  function  of  *  drip-tips.*  The  unilateral  elongation 
of  the  stipule  is  here  very  great,  and  the  appendages  are  not  flat  but 
so  bent  that  rain  must  run  out 
easily  along  them  from  the  leaf- 
axils,  instead  of  trickling  down 
from  one  leaf  to  another  as  it  would 
otherwise  do. 

Concrescence  of  Sti- 
pules. *  Concrescence '  of  stipules 
appears  regularly  in  many  plants 
and  there  are  two  cases  : — 

{a)  Concrescence  of  stipules 
of  one  and  the  same  leaf; 

{b)  Concrescence  of  stipules 
of  adjacent  leaves.  This  can  only 
take  place,  of  course,  where  there 
is  a  cyclic  phyllotaxy,  and  it  oc- 
curs especially  where  there  are 
dimerous  whorls  \ 

Conorescenoe  of  stipules  of 
one  leaf.  Fig.  241  shows  an  example  of  the  concrescence  of  the  stipules 
of  one  and  the  same  leaf.  Here  instead  of  two  separate  stipules  we  find  one 
scale-like  structure  ^  which  is  the  result  of  the  union  of  two  stipules,  as  the 
apical  division  in  two  indicates.  How  effective  is  the  protection  of  the  bud 
thus  provided  is  shown  in  the  transverse  section  (Fig.  242).  In  Diptero- 
carpus  alatus  (Fig.  240)  the  stipules  join  across  the  upper  side  of  the  leaf- 
stalk, forming  in  this  way  a  sheath  enveloping  the  bud,  and  the  formation 
of  the  sheath  by  the  concrescence  of  two  stipules  can  be  easily  recognized 
by  the  presence  of  two  stipular  apices. 


Fig.  239.  To  the  left :  Lathyrus  heterophylliu :  end  of 
aihooC  To  the  right:  Lathyras  latifolius:  node.  The 
unilateral  stipular  outgrowths  are  horizontal  in  the  young 
shoot  of  L.  neterophyllus,  are  directed  downwards  at  the 
older  node  of  Lathyrus  latifolius.    Natural  size. 


*  The  opposite  primary  leaves  of  Phaseolus  multifloras  famish  an  example, 
leaves  are  alternate,  and  there  is  naturally  no  concrescence. 

'  In  Onobrychis  the  concrescent  stipules  form  a  dry  membranous  structure. 


The  subsequent 
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Ckmcresoenoe  of  stipules  of  adjacent  leaves.  Concrescence  of  stipules 
belonging  to  two  separate  leaves  is  frequently  observable  in  the  opposite- 
leaved  species  of  Urticaceae,  for  example  in  Humulus  Lupulus  and  in 
a  less  d^ree  also  in  Urtica  dioica.  Here  I  have  found  the  two  neigh- 
bouring stipules  of  one  leaf-pair  sometimes  quite  free,  sometimes  united 
more  or  less,  and  they  may  form  an  apparent  single  leaflet  whose  nature, 
however,  is  made  clear  by  the  two  lobes  at  the  apex.  The  whole  arrange- 
ment suggests  that  instead  of  four  only  two  stipules  are  present  which 

enclose  like  mus- 
sel-shells the 'bud. 
In  this  way  pro- 
tection of  the  bud 
is  provided  for  by 
the  expenditure  of 
less  material  than 
would  be  the  case 
were  the  stipules  to 
remain  free.  Such 
stipules  formed  by 
the  concrescence  of 
two  belonging  to 
different  leaves  are 
called  interpetiolar 
stipuleSydLVid  they  are 
specially  character- 
istic of  the  Rubia- 
ceae.  Fig.  243 
shows  a  bud  of 
Cinchona  with  this 
construction.  There 
can  be  no  doubt  we 
have  here  to  do 
with  the  'concres- 
cence' of  two  pairs 
of  stipules,  even 
_  although  this  is  not 

foimed  a 'sheath  endottng  the  bad  of  the  stem.  '  tO  be   traCCd  iu  the 

history  of  development,  that  is  to  say,  the  interpetiolar  stipule  appears 
from  the  first  as  a  single  primordium.  It  is  clear  that  such  a  concres- 
cence in  whorled  and  opposite  leaves  could  readily  ensue. 

Stipules  of  the  Stellatae.  Much  attention  has  been  given  to  the  develop- 
ment of  the  leaf  in  the  Stellatae,  a  tribe  of  the  Rubiaceae.  The  leaves  are 
apparently  arranged  in  four  to  eight-membered  whorls,  but  these  leaves  are  not 


Fio.  a4a    Dipterocarpus  alatas.    Apex  of  the  shoot  of  a  youngs  plant.    The 
stipales  of  the  erect  leaf  are  concrescent  over  the  face  of  the  leaf  and  originally 
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of  equal  value  as  is  shown  by  the  fact  that  in  every  leaf-whorl  at  most  two  leaves, 
which  stand  opposite  one  another,  have  an  axillary  shoot.  These  axillant  leaves 
were  considered  by  de  CandoUe^  to  be  the  true  leaves,  the  others  were  regarded 
as  stipules  which  have  become  leaf-like  and  which  have  undergone  a  'chorisis' 
if  there  be  more  than  six  leaves  present  in  the  whorl,  or  a  *  concrescence '  if  there 
be  less  than  six.  The  history  of  development  supports  this  interpretation.  In 
Fig.  244  an  axillary  shoot  of  the  leaf  j?  is  shown  in  surface-view.  It  has  two 
leaves  b^  and  b^^  each  of  which  has  a  primordium  of  an  axillary  shoot  A^  and  each 

has  two  stipules  S^S^  and  S^S^.  At  the 
vegetative  point  the  primordium  of  a  *  leaf- 
whorl  '  appears  as  a  ring-wall  whose  growth 
at  two  opposite  points  is  taking  place  and 
these  points  mark  the  apices  of  the  two 
chief  leaves  of  the  whorl.  The  stipules 
appear  after  the  primordium  of  the  leaves 
and  they  arise  from  the  margin  of  the  ring- 
like primordium  between  the  foliage-leaves 
and  then  gradually  grow  out  into  a  form 


Fig.  341.  Astragalus  adscendens. 
b^  stalk  of  a  leaf,  the  stipules  of  which 
have  become  concrescent  aroand  the 
axis  into  a  sheath  j/,  at  the  top  of 
which  its  composition  oot  of  the  two 
stipales  is  indicated. 


FfQ.  34a.  Hed)rsaram  obscnrum.  Bad 
in  transverse  section.  I^  oldest  leaf  with 
its  stipular  sheath  sT\  IL  second  leaf 
with  its  stipular  sheath  slt\  stllL  free 
upper  parts  of  the  stipule  of  the  third  leaf. 
Ma^ified. 


and  size  like  that  of  the  proper  leaf-primordium.  Sometimes,  and  this  regularly 
takes  place  in  certain  species,  there  arise  between  the  two  primordia  of  the  leaves 
more  than  two  stipules  so  that  the  *  whorl'  is  then  more  than  six-membered. 
On  the  other  hand  there  sometimes  occurs  a  less  number.  In  Galium  palustre, 
for  example,  we  find  in  the  false  whorl  four  similarly  constructed  one-nerved 
leaves    which    are    distinguished    only    from    one    another    by    the    fact    that 


*  De  Candolle,  Vegetable  Organography.  English  Edition  by  Kingdon,  London,  1841 ,  it  p.  286 ; 
also  M.  Franke,  Beitrage  zur  Morphologie  and  Entwicklungsgeschichte  der  Stellaten,  in  Botanische 
Zeitung,  liv  (1896),  p.  33.    The  literature  is  cited  by  Franke. 
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two  of  them,  which  are  opposite  to  one  another,  have  axillary  shoots.  Accord- 
ing to  Eichler  we  have  here  a  true  concrescence  of  originally  separate  members, 
each  of  the  two  stipules  being  formed  out  of  originally  separate  primordia.  I  have 
found,  however,  that  in  Galium  palustre  this  is  not  or  only  seldom  the  case,  but 
that  sometimes  the  margin  of  the  primordium  of  the  stipule  is  swollen  up  or  at 
least  expanded  or  obliquely  projected  ^,  and  certainly  we  may  consider  this  to  be 
an  indication  of  the  primordia  of  two  stipules;  more  often,  however,  I  found 
no  such  indication,  but  the  stipular  primordium  appeare'd  uniformly  single.  There 
is  as  a  fact,  in  the  position  of  the  two  stipular  primordia  here,  a  new  formation 
which  presents  the  appearance  of  one  single  leaflet.  Comparative  morphology 
would  here  speak  of  a  *  congenital  concrescence,'  which  is  only  a  clumsy  way 
of  stating  the  fact  that  where  other  species  of  Galium  have  two  stipules  here  there 
is  only  one  present  from  the 
beginning.  Massart  says  that 
in    Sherardia    arvensis    all    the 


Fig.  2±z.  Cinchona  gaccirnbra. 
Terminal  Dud  enclosed  by  the  mussel- 
like  interpetiolar  stipules  of  the  pair 
of  leaves  of  which  the  stalks  only  are 
shown. 


Pig.  344.  Galium  Mollufa  Axis  of  the  shoot  ff 
in  transverse  section ;  Jl.  axUlant  leaf  of  a  bad,  which 
has  laid  down  the  first  leaf-^rtmordia  of  a  '  whorl  * ; 
y^  vegetative  point  of  the  axtallry  bad  ;  di,  b^,  the  first 
leaves  with  stipules  SiSu  StS^ ;  A.  A,  axillary  shoots 
of  these  leaves.  The  stipules  are  less  developed  upon 
the  side  next  the  axis. 


leaves  of  a  whorl  arise  at  the  same  time.  One  may  bring  forward  in  further 
support  of  the  interpretation  adopted  above,  which  is  also  borne  out  by  com- 
parison with  other  Rubiaceae,  that  in  most  of  the  species  of  Galium  the  primary 
leaves  do  not  differ  from  those  which  follow,  but  in  Sherardia  arvensis  and  Galium 
peregrinum  the  *  stipules '  in  the  first  leaf-whorl  are  narrower  and  somewhat  shorter 
than  the  *  leaves '".  From  the  standpoint  of  the  history  of  development  there 
is  possible,  however,  another  interpretation  which  would  bring  the  facts  into  con- 
formity with  those  of  the  formation  of  the  leaf  of  Limnophila  heterophylla ' : — 
That  we  have  here  leaves  which  stand  in  a  two-membered  whorl  but  are  very 

^  See  Goebel,  Vergleichende  Ent-wickltrngsgeschicbte  der  Pflanzenorgane,  in  Schenk*s  Handbuch 
der  Botanik,  iii  (1884),  P*  ^3^>  ^*S'  4^  ^*  Franke  has  conHnned  my  observations.  Occasionally 
the  number  of  the  leaves  in  following  whorls  changes.  In  a  species  of  Galiom  growing  as  a  weed 
in  a  plant-house  I  found  successive  numbers  to  be  4,  5,  4,  6. 

*  Massart,  La  recapitulation  et  I'innovation  en  embryog^nie  v^getale,  in  Bulletins  de  la  Soci^t^ 
royale  de  botanique  de  Bclgique,  xxiii  (1894),  p.  200.  '  See  pp.  333,  358. 
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deeply  divided  and  perhaps  have  never  possessed  stipules.  To  such  an  inter- 
pretation, however,  the  frequent  occurrence  of  four-membered  whorls  is  altogether 
unfavourable.  The  question  here,  as  in  all  other  like  cases,  is  what  weight  should 
we  attach  to  the  comparison  with  allied  forms  in  framing  our  explanation. 
Amongst  the  Stellatae  there  is  a  form,  Didymaea  mexicana,  which  possesses 
opposite  leaves  with  two  or  three  small  interpetiolar  stipules  that  are  not  like 
foliage-leaves.  The  plant  conforms  in  all  respects  with  the  other  Rubiaceae  and 
may  be  considered  as  standing  near  the  original  type\  In  the  flower-region 
of  the  Stellatae  simple  leaves  without  stipules  appear  and  the  same  is  the  case 
in  the  v^etative  region  of  some  species  of  Asperula'.  Asperula  scutellaris  has 
upon  the  seedling-plant  above  the  cotyledon  first  of  all  a  four-membered  *  false 
whorl,'  but  the  stipules  in  it  alternating  with  the  chief  leaves  appear  to  be  already 
reduced  and  in  the  following  whorls  gradually  they  disappear  almost  entirely. 

Alohemilla  galioides.  Whilst  in  the  Stellatae  the  manner  in  which  the 
peculiar  formation  of  the  leaf  has  come  about  does  not  appear  to  be  quite  certain 
from  the  phyletic  side,  the  derivation  of  an  analogous  configuration  of  leaf  in 
another  cycle  of  affinity  is  quite  clear '.  The  leaf-whorl  of  Alchemilla  galioides  * 
consists  of  six  almost  equal  leaves  which  are  united  with  one  another  below  into 
a  sheath.  Really  we  have  here  to  do  not  with  a  dimerous  leaf-whorl  as  in  the 
Stellatae,  but  with  a  single  leaf  whose  lamina  is  deeply  divided  and  to  such  an 
extent  that  the  single  segments  are  constructed  quite  like  stipules.  A  similar 
feature  is  found  in  allied  species'  which,  in  the  region  of  the  hypsophylls,  are 
provided  with  stalkless  leaf-laminae  markedly  different  from  the  stipules.  Not 
only  is  the  formation  of  the  stalk  suppressed,  but  the  size  of  the  leaf  is  diminished, 
and  the  several  equally  large  leaf-s^ments  spring  apparently  directly  from  the 
leaf-sheath. 

It  was  previously  stated  •  that  in  species  of  Alchemilla,  which  have  apparently 
whorled  leaves,  we  might  recognize  in  some  measure  a  use  for  the  configuration 
of  the  leaf.  We  cannot  do  so  yet  in  the  case  of  the  Stellatae.  We  might  suggest 
that,  the  Stellatae  being  plants  with  mostly  long,  thin  shoot-axes,  a  nearly  equal 
distribution  of  leaf-substance  in  a  ring  about  the  node  involves,  for  the  production 
of  an  equal  surface  of  assimilation,  a  less  expenditure  of  material  in  the  strengthen- 
ing of  leaf  and  stem  than  would  be  the  case  if  there  were  only  two  opposite  leaf- 
surfaces,  which  would  need  of  course  to  be  provided  each  with  its  own  ribs,  stalks, 
and  so  forth.  It  seems  to  me  that  with  this  suggestion  in  one's  mind  it  is  of 
interest  to  note  that  Didymaea  mexicana  mentioned  above  is  a  climbing  plant 
and  uses  as  climbing  hooks  the  recurved  stipules  and  that  its  shoot-internodes 
have  experienced  no  strengthening  although  the  leaves  are  stalked. 

Acacia  verticillata.     Hofmeister''  supposed  that  he  discovered  in  Acacia 


*  Sec  Schumann,  Rubiaceae,  in  Engler  and  Pranti,  Die  natiirlichen  Pflanzenfamilien,  p.    147, 
Fig.  47  N,  O. 

2  M.  Franke,  Beitrage  zur  Morphologic  und  Entwicklungsgeschichte  der  Stellatcn,  in  Botanische 
Zeitxmg,  liv  (1896),  p.  33. 
'  Goebel,  Pflanzenbiologische  Schildcningen,  ii  (1893).  p.  32. 

*  See  Goebel,  op.  dt,  p.  35,  Fig.  9.  »  See  p.  333-  *  See  p.  333. 

'  Hofmeitter,  AUgemeinc  Morphologic  der  Gewachse,  Leipzig,  1868,  i.  p.  525.    See  p.  356. 

^h  7, 


Digitized  by 


Goo^^ 


372 


STIPULES,  LIGULES,  STIPELS 


verticillata  a  case  like  that  of  the  Stellatae  because  in  the  apparently  whorled 
phyllodes  only  single  ones  have  axillary  shoots — the  others  therefore  he  took  to 
be  leaf-like  stipules  (Fig.  245).  A.  Mann  and  I  have  shown  that  Hofmeister's 
supposition  was  incorrect  because  at  the  base  of  the  phyllodes,  which  have  axillary 
shoots,  there  always  occur  very  reduced  stipules  and  these  also  occasionally  occur 
upon  the  other  phyllodes.  The  axillant  phyllodes  precede  the  others  in  the 
development  We  have  here  then  only  a  case  of  peculiar  division  of  labour 
amongst  the  leaves,  and  it  has  only  a  superficial  resemblance  to  the  relationships  in 
the  Stellatae. 


4.  AXILLARY  STIPULES. 

We  designate  as  a;n7^ry^/j5;^&j,  structures  which  stand  in  the  leaf-axil, 
and  sometimes  are  attached  to  the  leaf-base 
over  a  longer  or  shorter  extent.  In  some  cases 
we  find  that  the  axillary  stipules  have  proceeded 
from  lateral  stipules,  which  have  become  united 
to  one  another  by  a  new  formation  across  the 
upper  side  of  the  primordium  of  the  leaf.  In 
Melianthus,  for  example,  there  is  formed  at  the 
upper  limit  of  the  leaf-base,  a  transverse  cushion 
which  unites  the  two  lateral  expansions  of  the 
leaf-base  with  one  another,  and  then  grows 
along  with  them,  so  that  one  may  say  that 
the  stipular  formation  here  encroaches  over  the 
upper  surface  of  the  leaf.  In  species  of  Ficus, 
many  transitions  are  observable  between  free 
stipules  and  a  stipular  sheath,  which  appears 
as  an  independent  leaf  investing  the  bud,  and 
which  may  be  considered  as  a  giant  axillary 
stipule  deciduous  from  its  base.  This  deciduous 
axillary  stipular  sheath  is  found  in  Ficus 
elastica.  In  Ficus  Pseudo-Carica  there  are  free 
stipules,  whose  insertion,  however,  extends  so  far 
upon  each  side  along  the  upper  side  of  the  leaf-base,  that  if  we  imagine  this 
zone- insertion  to  be  raised  up  upon  a  common  base,  we  should  have  an  axillary 
stipule  with  free  upper  ends,  and  open  upon  the  outer  side  as  is  the  case  in 
Artocarpus ;  in  seedlings  of  Artocarpus  integrifolia  I  found,  moreover,  an 
incision  upon  the  sheath  above,  showing  its  composition  out  of  two  stipules. 
The  earlier  the  union  by  the  transverse  cushion  takes  place,  the  more  will 
the  axillary  stipule  appear  as  a  single  structure,  and  if  the  stipules  become 
united  also  upon  the  side  opposite  to  the  point  of  insertion  of  the  leaf, 
a  closed  sheath  must  be  formed.  Whilst  in  many  cases  axillary  stipules  are 
derived  in  this  way  from  free  lateral  ones,  I  do  not  think  that  this  is  the  case 


Pig.  345.  Acacia  veitidUata.  End 
of  a  shoot.  Few  of  the  needle- like 
phyllodes.  a,  6,  have  axillary  shoots. 
Nataral  sue.    After  A.  Mann. 
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always.     An  axillary  stipule  may  appear  where  there  were  never  any  free 
lateral  stipules  laid  down,  and  where  we  have  no  ground  for  assuming  them. 

DICOTYLEDONES. 

Caltha  palustris.  As  an  example  I  take  Caltha  palustris,  of  which 
Fig.  2^6  shows  in  the  figure  to  the  left,  a  dissected-out  bud.  This  bud 
(turned  to  the  left)  is  surrounded  by  a  structure,  which  is  somewhat  conical 
and  open  at  the  top.  This  is  the  axillary  stipule  of  the  foliage-leaf  on  its 
right  In  the  figure  to  the  right,  which  is  a  bud  (turned  to  the  right) 
developing  into  an  inflorescence,  the  axillary  stipule  which  served  as  a 
protection  to  the  bud  is  developed  more  massively,  corresponding  to  the 


Pig.  346.  Caltha  palustris.  Young  leaves  dissected  oat.  To  the  left :  leaf  with  axiUaxy  stipule  which  invests 
the  bud.    To  the  right :  leaf  with  axillary  stipule  tnvesttng  a  young  inflorescence. 

more  massive  construction  of  the  bud.  In  older  conditions  we  find  the 
upper  part  produced  as  a  kind  of  horn,  or  the  one  margin  of  the  mouth  is 
cap-like,  projecting  over  the  other,  and  thus  the  mouth  is  closed  to  the 
outside.  The  leaf  arises  primarily  as  a  ridge-like  projection  of  the  vege- 
tative point.  At  an  early  period  there  appears  on  the  upper  side  at  the 
base  of  the  leaf,  an  outgrowth  which  is  united  with  the  lateral  parts  of  the 
leaf-base.  The  leaf-base  itself  extends  round  sometimes  the  whole  shoot- 
axis,  and  grows  out  with  the  outgrowth  of  the  upper  leaf-surface  over  the 
vegetative  point,  and  so  forms  the  axillary  stipule.  How  can  we  see  in 
this  two  stipules  ?    These  are  not  even  present  in  other  Ranunculaceae. 

Folygonaoeae.  The  ochrea  of  the  Polygonaceae  arises  in  the  same 
manner.  Here  the  derivation  of  the  axillary  stipule  from  lateral  ones  is  not 
probable,  although  at  first  in  Rumex  there  appears  to  the  right  and  left  on 
the  leaf  an  enlargement  of  the  leaf-sheath,  which  one  might  regard  as  an 
indication  of  stipules  ^,  but  one  does  not  require  to  consider  it  as  such, 

'  The  free  lateral  stipules  which  I  described  in  the  flower  r^on  of  Rheum  undulatum  (see 
Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbnch  der 
Botanik,  iii  (1884),  p.  233)  are  apparently  the  resnlt  of  the  splitting  of  the  ochrea  into  two  lobes. 
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for  it  is  easy  to  understand  that  the  formation  of  the  protecting  organs  of 
the  bud  is  direct  in  this  case.  There  appears  upon  the  upper  side  of  the 
leaf  an  outgrowth,  which  connects  the  lateral  parts.  The  ochrea  also 
protects  the  bud  by  the  mucilage-glands  which  it  possesses. 

Gaertnera.  Such  axillary  stipules  may  also  appear  combined  with 
interpetiolar  stipules,  and  then  there  is  a  very  peculiar  construction,  because 
the  interpetiolar  stipules  unite  with  one  another  to  form  a  sheath-like  body, 
which  then  serves  as  a  protection  to  the  bud.  We  find  this  in  a  species  of 
Gaertnera  which  I  collected  in  Ceylon  (Fig.  %^^).  The  origin  of  the  con- 
struction is  shown  in  Fig.  247,  I,  where  between  the  leaves  of  the  youngest 
leaf-pair,  the  interpetiolar  stipules  are  visible.  If  now  we  suppose  that  the 
upper  side  of  the  base  of  each  leaf  shares  in  the  stipular  formation,  the 


Fig.  347.    Gaertnera  sp.  (Ceylon).    Bad  in  transverse  section.     I,  higher  op ;  II,  lower  dowa    The  stipules  are 
shaded. 

interpetiolar  stipules  would  in  a  certain  degree  be  united  across  the  surface 
of  their  leaves,  and  thus  would  arise  the  peculiar  condition  which  we  have 
in  this  plant.  The  stipular  sheaths  are  provided  with  numerous  glands,  and 
these  it  may  be  assumed  aid  in  the  protection  of  the  bud. 

Gunnera.  Some  species  of  Gunnera  possess  remarkable  axillaiy  stipules. 
This  genus  contains  forms  of  very  different  dimensions,  and  the  axillary 
stipules  are  only  found  in  those  which  possess  a  thick  tuberous  stem,  and 
whose  terminal  bud  is  therefore  very  massive.  For  its  protection,  organs  are 
developed  which  are  absent  in  the  species  with  more  slender  stem,  like  G. 
macrophylla  and  the  small  New  Zealand  species.  We  have  in  this  one  of 
the  most  striking  relationships  between  size  and  formation  of  organs  within 
one  genus.     The  axillary  stipules  which  are  found  in  Gunnera  chilensis  ^, 


'  See   Reinke,  Untersachungen  iiber  die  Morphologie  der  Vegetationsorgane  von  Gunnera,  in 
Morphologische  Abhandlungen,  Leipzig,  1873,  p.  78. 
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and  G.  manicata  are  of  considerable  size,  as  much  as  six  or  seven  centi- 
meters long.  They  are  traversed  by  conducting  bundles,  and  serve  to  store 
up  food-material  as  well  as  to  protect  the  bud  in  the  resting  period.  The 
protection  which  they  offer  is  increased  by  the  fact  that  they  are  glued 
together  by  a  mucilage.  One  may  perhaps  best  derive  them  from 
mucilage-glands  which  appear  as  outgrowths  of  the  leaf-base  as  well  as 
elsewhere,  but  are  here  adapted  to  other  functions  and  have  reached 
a  giant  size. 


If    r  ^^^ 


Fig.  248. 


A  Trass, 
portion  of  leaf :  %y  haalm  ; 


Stem  and 

.  ,  leaf- 
sheath  ;  i,  swelling^  of  the  leaf- 
sheath  above  the  node :  j,  portion 
of  lamina ;  /.  liciile.  Natural  sise. 
Lehrb. 


Pio.  349.  OrjTza  sativa.  /,  ligule  in  the  bad- 
condition  dissected  oat.  ^,  portion  of  the  leaf  to 
which  it  belonn.  The  li^le  closes  ap  the  bud,  the 
two  hairy  'sickles  of  the  leaf*  act  as  aids  in  strengthen- 
in?  this  closure  by  the  fa'rale ;  they  are  erect,  one  out- 
side, one  inside.  //,  ^sickles  of  the  leaf  ^  are  ex- 
panded, the  ligule  has  been  grown  through  by  the 
next  younger  leaf. 


MONOCOTYLEDONES  ^ 

Axillary  stipules  like  those  of  Caltha  are  found  in  a  number  of  Mono- 
cotyledones : — 

Fotamogeton.  The  leaf  in  Potamogeton  possesses  at  first  only  a  leaf- 
sheath  sharply  marked  off  from  the  lamina  and  very  nearly  amplexi- 
caul.  Subsequently  an  outgrowth  appears  upon  the  inner  side  of  the 
leaf,  at  the  point  where  the  margins  of  the  leaf-sheath  meet,  and  this 
grows  inwards  from  both  sides  of  the  leaf-sheath  and  unites  them  together. 
The  sheath  which  is  thus  built  up,  and  which  afterwards  grows  out  to 
^  See  Gliick,  Die  Stipnlaigebilde  der  Monocotyledonen.  Heidelberg,  190 1. 
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a  considerable  extent,  acts  as  a  protection  to  the  bud,  and  it  is  distinguished 
from  that  of  the  Polygonaceae,  in  all  cases  which  have  been  examined, 
only  by  being  open  on  one  side. 

5.  LIGULES. 

The  Ligule  of  Grasses.     The  ligule  of  grasses  appears  in  the  form 
of  a  membranous  outgrowth  at  the  limit  between  the  leaf-sheath  and  the 
leaf-lamina  (Fig.  248).     It  usually  contains  no  chlorophyll.     Its  size  varies 
greatly  in   different    grasses.      In 
Psamma  arenaria  it  may  be  as  long 
as  four    centimeters,   and    in   this 
species  it  is  traversed  by  veins  which 
are  accompanied  by  tissue  contain- 
ing chlorophyll,  and  provided  with 
stomata.     In  other  species  with  a 
well-developed  ligule,  such  as  Oryza 


Pig.  3Xa  Oryza  sativa.  Leaf  in  transverse 
section  above  the  point  of  orisfin  of  the  li^e ; 
this  is  still  convolute  and  closes  the  bud,  and  is 
strengthened  by  the  erect  *  sickles '  and  their 
hairs.    The  '  sickles  *  are  shaded  in  the  fignre. 


Pia  351.  Alpinia  nutans.  Portion  of  a  leaf. 
The  leaf-sheath  ends  above  in  a  convolute  ligule 
which  closes  the  bad.    Natural  sixe. 


sativa  and  Arundinaria  japonica,  a  conducting  bundle  is  present  \  but  the 
ligule  usually  consists  of  parenchymatous  tissue  alone. 

Function  of  the  Ligule  of  Grasses.  Widely  spread  though  the 
ligule  is,  we  know  as  yet  little  about  its  meaning;  the  only  conjecture 
regarding  it  which  has  been  put  forward  is,  that  it  prevents  rain-water  from 


^  Regarding  the  course  of  this,  see  Colomb,  Recherches  stir  les  stipules,  in  Annates  des  sciences 
naturelles,  s^r.  7,  vi  (1887). 
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penetrating  into  the  space  between  the  leaf-sheath  and  the  stem.  This 
interpretation  of  the  function  of  the  ligule,  first  propounded  by  Schlechten- 
dahl,  does  not  appear  to  me  to  be  very  illuminating.  It  is  easy  to  prove 
that  the  well-developed  ligule  in  Oryza  does  not  hinder  the  entrance  of 
water  in  the  way  suggested,  for  water-drops  which  reach  the  leaf-surface  do 
not  roll  towards  the  ligule,  but  fall  to  the  ground  from  the  tip  of  the 
unwettable,  downwardly  curved  leaf. 

The  ligule  has  unquestionably  the  function  of  protecting  the  bud.  The 
terminal  bud  is  invested  by  the  leaf-sheath,  and  in  its  further  growth  only 
gradually  projects  from  the  sheath,  and  if  one  removes  the  unfolded  leaves, 
one  comes  to  a  point  where  the  bud  is  closed  over  by  the  ligule.  As 
Fig.  249,  ^  shows,  the  ligule  is  rolled  up  into  a  conical  point,  through  which 
the  bud  subsequently  penetrates.  This  view  is  strengthened  by  the  fact  that, 
at  the  base  of  the  leaf-lamina,  there  are  found  two  sickle-like  outgrowths, 
which  in  the  unfolded  leaf  stand  nearly  horizontally  (Fig.  249,  //),  but  in  the 
bud  are  directed  upwards  and  in  such  a  way  that  one  of  the  *  sickles '  lies 
outside  and  the  other  inside,  as  is  shown  in  Figs.  249,  /,  250.  The  long 
stiff  hairs,  which  clothe  the  outer  edge  of  the  sickle,  are  in  the  bud  similarly 
directed  upwards,  and  contribute  to  the  strengthening  of  the  protective  cap, 
which  is  formed  above  the  bud  by  the  convolute  ligule. 

Even  more  easily  seen,  that  is  to  say  no  removal  of  the  older  parts  is 
necessary,  is  the  significance  of  the  ligule  in  the  uppermost  leaf  which  invests 
the  inflorescence  of  Dactylis  glomerata  and  of  many  Zingiberaceae,  for 
example  Hedychium  Gardnerianum  and  Alpinia  nutans  (Fig.  251).  In 
these  also  the  sheath  elongates  as  a  ligule  beyond  the  point  of  insertion  of 
the  lamina,  and  the  ligule  of  the  uppermost  foliage-leaf  serves  as  a  cover  to 
close  the  bud  on  the  top,  and  it  remains  as  an  outgrowth  at  the  base  of  the 
lamina  in  just  the  same  way  as  does  the  ligule  in  a  grass  after  the  bud  has 
grown  through  it.     It  contains  many  conducting  bundles. 

In  grass-spikelets,  where  through  the  formation  of  the  ligule  the  awn^ 
which  corresponds  to  a  lamina,  is  often  apparently  dorsal,  we  cannot  speak 
of  a  protection  against  the  entrance  of  water ;  but  the  ligular  outgrowth  at 
the  base  of  the  awn,  brings  about  a  close  overlapping  of  the  glumes 
covering  the  spikelet,  and  this  is  intensified  in  Bromus  and  other  cases 
where  the  sheathing  portion  of  the  glume  is  elongated  right  and  left  into  an 
outgrowth  which  may  be  designated  a  stipule  by  those  who  find  pleasure  in 
giving  names  to  things. 

The  ligule  of  grasses  is  not  always  as  it  is  in  Oryza,  an  organ  which 
closes  in  the  terminal  bud.  It  may  act  elsewhere  as  a  temporary  protective 
organ.  Fig.  252  shows  a  transverse  section  through  a  bud  of  Alopecurus 
pratensis.  The  ligule  is  found  as  usual  at  the  point  where  the  leaf-sheath 
passes  into  the  leaf-lamina.  As  the  leaf-lamina  subsequently  spreads  out  as 
a  flat  structure  and  the  leaf-sheath  remains  as  a  hollow  cylinder^  there  is 
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formed  at  this  point  of  union  an  open  space.  The  free  margins  of  the 
ligule  overlap  in  front  as  the  figure  shows,  cover  the  open  space,  and  surround 
the  next  younger  leaf  at  its  base.  This  younger  leaf  gradually  pushes  itself 
by  intercalary  growth  out  of  the  ligule,  and  its  tissues  have  time  gradually 
to  change  in  response  to  the  claims  of  the  outer  world.  In  other  words, 
I  consider  the  ligule  here  as  an  organ  which  is  also  able  to  give  a  certain 
amount  of  cover  to  the  bud,  during  the  elongation  of  the  next  youngest  leaf 
through  the  ligule.  In  Hordeum,  Lolium,  and  others,  the  protective  function 
of  the  ligule  is  increased  by  the  sickle-like  outgrowth  on  both  sides  of  the 
base  of  the  lamina. 

According  to  my  view,  the  ligule  in  grasses  only  performs  its  function 
at  a  somewhat  late  period,  whether  it  serves  as  a  *  bud-cap '  or  in  some  other 

way  aids  in  the  protection  of  the  bud.  The 
time  of  its  origin  corresponds  to  this,  for  it 
is  only  formed  at  the  limit  of  the  leaf-sheath 
and  the  leaf- lamina  as  an  outgrowth  on  the 
upper  side  of  the  leaf  when  the  sheath  has 
been  already  differentiated,  whilst  axillary 
stipules,  whose  function  is  performed  much 
earlier,  are  laid  down  at  the  leaf-base  near  its 
insertion.  It  would,  however,  be  a  mistake  to 
consider,  as  was  formerly  done  \  that  the  ligule 
of  the  grasses  was  derived  from  an  axillary 
stipule,  which  is  concrescent  by  its  outer  side  with 
the  leaf-sheath.  There  is  no  concrescence  here, 
but  only  a  later  inception  in  correspondence  with  the  later  claims  made  upon 
the  organ,  and  this  conforms  with  what  we  have  seen  in  the  axillary  stipule 
of  Caltha  and  elsewhere.  The  relatively  short  time  during  which  the  ligule 
has  to  perform  its  function,  explains  also  its  usually  delicate  construction, 
about  which,  however,  we  cannot  say  much  here.  Whether  besides  this  one 
function  in  relation  to  the  bud  the  ligule  has  some  other  function  after 
unfolding,  I  cannot  say.  It  must  suffice  that  I  have  shown  the  conjecture 
hitherto  accepted  regarding  the  function  of  the  ligule  to  be  certainly 
incorrect  in  the  case  of  Oryza,  and  in  the  case  of  other  grasses,  at  least  to 
be  not  proved,  and  this  without  reference  to  the  consideration  that  it  may  be 
more  *  harmful  *  if  the  water-drops  remain  lying  upon  the  base  of  the  lamina, 
rather  than  at  the  bottom  of  the  sheath — a  position  indeed,  in  most  grasses, 
that  could  be  reached  by  them  only  in  a  very  limited  amount. 

The  Ligule  of  Palms.     Ligular  formations  are  formed  also  in  the 
palms.     The  leaf  of  Chamaerops^   and   of  Rhaphis,   is   in   the  juvenile 


Fig.  353.  Alopecania  pratensis. 
I.  leaf  in  transverse  section  above 
tne  insertion  of  the  li^le,  Z.,  which 
is  shaded ;  a,  an  enclosed  second 
leaf.    Slightly  magnified. 


*  See  A.  de  St-Hilairc,  Le9ons  de  botaniqne,  comprenant  principalement  la  morphologie  vegetale, 
Paris,  1840,  p.  193,  and  other  later  writers. 
^  Goebel,  Vergleichende  Entwicklungsgeichichte  der  Pflanzenorgane,  in  Schenk*s  Handbuch  der 
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condition  covered  by  an  envelope  composed  of  many  layers  of  cells.  This 
envelope  (Fig.  253)  proceeds  from  a  scale  which  is  formed  at  the  limit 
between  the  leaf-stalk  and  the  leaf-lamina,  and  grows  up  over  the  anterior 
side  of  the  leaf,  and  from  two  scales,  or  it  may  be  one  which  is  bulged  in 
the  middle,  which  develop  out  of  the  posterior  side  of  the  leaf-primordium. 
In  the  matured  leaf,  this  structure  appears  as  a  brown  membrane,  but  in  the 
young  condition  it  forms  a  very  effective  protection  to  the  bud.  In 
accordance  with  this 
function,  it  develops 
somewhat  early,  and 
the  ligule  serves  at 
first, as  a  protection 
to  the  leaf-surface 
which  it  covers,  but 
later  it  is  bent  for- 
ward and  forms  with 
the  leaf-sheath,  which 
is  now  developed,  an 
almost  closed  cy- 
linder, in  which  the 
next  younger  leaf  is 
found.  These  ligular 
formations  are  un- 
doubtedly new  for- 
mations upon  the 
leaf- surface,  and 
serve  as  protections 
to  the  bud.  At  the 
same  time,  it  is  clear 
that  in  a  case  like 
that  of  Chamaerops, 
where  these  out- 
growths are  formed  upon  the  anterior  and  upon  the  posterior  side,  they 
cannot  be  reckoned  as  similar  to  the  lateral  stipules  of  other  plants.  There 
is  as  little  ground  also  for  such  an  opinion  in  the  case  of  the  ligule  of 
grasses. 

6.  STIPELS. 

The  ligular  formations  of  these  palms  lead  us  on  to  the  stipels  of  some 
Dicotyledones. 

Under    the    term    stipel  formal    morphology   has    brought    together 


Pig.  353.  Chamaerops  hamilis.  Development  of  leaf  in  a  series  of  transverse 
sections.  A^  upper  part  of  the  yoang  leaf;  A,  membrane.  B^  the  same  lower 
down.  The  midale  apical  fold  no  longer  covered  by  the  membrane  h.  C,  middle 
part  of  leaf-lamina ;  /,  lignle.  Z7,  basal  part  of  leaf-lamina,  the  ligule,  /,  runs 
mto  the  lamina.  E^  leaf-lamina  of  older  leaf;  t^  separation  cells.  /\  cells  of 
upper  angles  in  mucilaginous  degeneration  bringing  about  the  separation. 
Alter  Demega.  "^ 


Botanik,  iii  (1884),  p.  aai.    Deinega,  Beitrage  zur  Kenntniss  der  Entwickliuigsgeschichte  des  Blattes 
and  der-Anlage  der  Gefassbiindel,  in  Flora,  Ixxxv  (1898),  p.  488.    Deinega  gives  the  literature. 
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structures  of  very  different  origin  \  On  the  one  hand  we  have  independent 
outgrowths,  which,  as  will  now  be  pointed  out,  may  serve  as  protections  to 
the  bud,  on  the  other  hand  we  have  reduced  pinnules. 

The  best  known  example  of  independent  outgrowths  is  seen  in  a  number 
of  (although  not  all)  species  of  Thalictrum.  In  Thalictrum  the  leaf  is 
composed  of  temately  branched  leaflets,  and  the  stipels  arise  in  pairs,  one 
upon  the  dorsal  side,  and  one  upon  the  ventral  side  of  the  leaf,  at  the  point 

where  the  lateral  leaflets  of  the 
first  order  proceed  from  the 
rhachis  (Fig.  254).  As  the  leaf- 
lets stand  nearly  opposite  one 
another,  there  are  four  stipels 
at  the  points  of  branching,  and 
not  infrequently  they  unite  with 
one  another.  These  stipels 
cover  the  leaf-parts  in  the  bud, 
as   is  shown  in   Fig.  255,  and 


Fia.  354.  Thalictrum  aqailefiaefoliom.  Portion  of  a 
foliag«-leaf.  .S*.  5',  the  stipels  which  are  also  visible  apon 
the  stalk  of  the  lesifleU  of  higher  order.    Redaced. 


Fia.  ass-  Thalictram  aqailegiaefoliom.  iS*. 
yoanjjr  leaf-sheath  in  transverse  section,  showfaig 
an  enclosed  yoong  leaf  with  stipels,  sit. 


this  is  their  meaning ;  they  have  nothing  to  do  with  the  retention  of  drops 
of  water.  What  value  could  a  pair  of  rain-drops  be  to  a  large  leaf  of 
Thalictrum  ? 

The  stipels  which  occur  in  species  of  Phaseolus,  Robinia,  Desmodium, 
and  other  Leguminosae,  are  found  at  the  base  of  the  leaflets,  and  are  rudi- 
mentary pinnules.  They  appear  usually  in  the  form  of  small  teeth,  but 
occasionally  they  are  developed  as  leaves  upon  sucker-shoots,  for  example 
in  Robinia.  That  we  have  here  to  do  with  reduced  organs,  is  not  very 
probable,  nevertheless,  not  infrequently  we  have  arrested  structures  in  leaves 


^  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Scheiik*s  Handbnch  der 
Botanik,  iii  (1884),  P-  333. 
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of  other  Leguminosae  to  which  stipels  are  not  assigned.  For  example,  in 
Acacia  lophantha,  I  find  that  the  lowermost  pair  of  pinnules  standing  close  to 
the  pulvinus,  are  either  entirely  aborted  or  appear  in  the  form  of  one  or  two 
small  pointlets.  It  is  open  to  question  whether  these  reduced  structures 
in  Leguminosae  ever  discharge  a  function.  They  arise  at  a  relatively  late 
period,  as  is  frequently  the  case  with  reduced  organs. 


7.   TRANSFORMED  STIPULES. 

The  chief  function  of  the  stipules  is  the  protection  of  the  bud,  and  it 
has  been  shown  that  in  this  work  organs  which  secrete  mucilage  may  take 
a  share,  so  that  the  stipules  may  be  considered  also  as  organs  of  secretion. 

Honey-glands  also  are  found  upon  the  stipules  in  many  plants,  for 
example  in  species  of  Vicia,  and  in  some  cases,  as  in  Sambucus  nigra,  the 
whole  stipule  according  to  the  common  interpretation  is  devoted  to  the 
formation  of  glands  and  appears  only  in  its  original  form  upon  luxuriant 
shoots.  The  converse  is,  however,  also  possible,  as  the  case  of  Viburnum 
Opulus  shows  ^,  for  there  the  stipules  have  developed  out  of  glands  of  the 
leaf-margin.  Only  by  a  careful  comparison  of  all  the  relationships  con- 
cerned, can  we  make  a  distinction. 

RaSiborski  *  found  one  of  the  two  stipules  in  Pterospermum  javanicum, 
transformed  into  a  small  cup  standing  upon  the  under  side  of  the  twig  with 
its  inner  surface  covered  by  pearl-glands.  These  were  eagerly  sought  after 
by  ants  which  removed  them. 

The  stipules  are  transformed  into  thorns  in  Robinia  Pseudacacia,  the 
succulent  species  of  Euphorbia,  Paliurus  australis,  and  others. 

SUMMARY. 

Comparison  of  the  different  formations  of  stipules,  from  the  two  stand- 
points of  how  they  arise  and  of  what  is  the  relationship  in  them  between 
configuration  and  function,  shows  many  gaps  in  our  knowledge.  Neverthe- 
less it  is  clear  that  we  have  to  do  with  structures  which  serve  as  protection 
to  the  bud,  a  function  otherwise  accomplished  by  the  broadening  out  of  the 
leaf-base,  by  the  sinking  of  the  bud  in  the  tissue  of  the  shoot,  and  in  other 
ways.  We  see  that  in  correspondence  with  this  function  there  appears  * 
frequently  to  right  and  left  of  the  leaf-base  an  outgrowth,  but  other  parts 
of  the  leaf  also  can  produce  analogous  protecting  organs,  and  therefore 
formal  morphology,  which  everywhere  assumes  two  free  stipules  as  a  starting- 
point,  has  arrived  very  often  at  untenable  constructions. 


^  See  p.  36a.  ^  Radborski,  Uber  myrmecophile  Pflanzen,  in  Flora,  Ixxxvii  (1900%  p.  40. 
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TRANSFORMED  LEAVES 

By  transformed  leaves  we  mean  leaves  which  have  taken  on  a  function 
different  from  that  of  ordinary  foliage-leaves,  and  have  therefore  experienced 
a  more  or  less  far-reaching  change  in  conformation.  There  is  of  course  no 
limit  between  normal  foliage-leaves  and  transformed  leaves  as  the  trans- 
formations appear  in  different  degrees  and  have  set  in  at  very  different 
stages  of  the  development  of  the  leaf.  The  earlier  the  transformation  sets 
in  the  greater  is  the  change.  The  treatment  of  the  subject  here  is  not  con- 
sistent ;  sometimes  it  is  approached  from  the  formal  side,  that  is  to  say  that 
of  positions,  sometimes  from  that  of  function.     I  have,  however,  selected  the 


PlO.  356.  Ari8tolochta  def^ans.  I  and  II,  portions  of  shoot  with  leaves  and  axillary  shoots ;  v,  prophyll  which 
has  reached  a  considerable  size.  Ill,  shoot  in  transverse  section :  A,  stem  of  mother-axis ;  r,  proptiyll  of  lateral 
axillary  bad ;  3,  bract. 

examples  as  far  as  possible  to  give  illustrations  from  different  directions  of 
the  manifold  relationships  between  form  and  function.  This  seems  to  me 
to  be  more  instructive  than  would  be  the  treatment  from  a  single  point  of 
view.  We  limit  ourselves  just  now  entirely  to  the  vegetative  region. 
Sporophylls  will  be  discussed  when  the  flowers  are  spoken  of. 

I.   PROPHYLLS. 

Prophylls  are  characterized  first  of  all  by  their  position.  We  find  them 
where  they  occur  in  the  Dicotyledones  usually  in  pairs  at  the  base  of  the 
lateral  shoots.  In  Monocotyledones  there  is  commonly  only  one  which  is 
placed  upon  the  side  of  the  daughter-shoot  next  the  mother-axis.  There 
is  no  doubt,  however,  in  many  Monocotyledones  that  the  prophyll  is  formed 
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by  the  concrescence  of  two  leaves  \  whilst  in  others  the  prophyll  is  *  reckoned' 
to  be  only  a  single  leaf,  as  the  appearance  of  one  axillary  shoot  opposite  its 
median  indicates.  In  relation  to  their  position  prophylls,  except  in  cases 
where  they  are  adapted  to  special  functions,  are  usually  small  and  simple, 
so  that  frequently,  even  in  recent  times  ^,  they  have  been  confounded  with 
stipules,  from  which,  however,  they  are  distinguished  at  once  by  their  origin. 
Their  function,  is,  however,  like  that  of  stipules,  the  protection  to  the  bud. 

Aristoloohia  elegans.  Aristolochia  elegans  (Fig.  256)  gives  us  a  simple 
case.  Ofte  prophyll  only  is  present  here,  and  it  at  first  surrounds  the  bud 
of  the  axillary  shoot,  and  is  distinguished  from  the  later  leaves  by  its  small 
size,  the  less  intense  green  colour  of  its  lamina,  and  the  almost  complete 
suppression  of  its  stalk — an  interesting  example  of  a  feature  which  has 
already  been  mentioned,  and  will  be  illustrated  again  ^  as  appearing  in 
many  hypsophylls,  namely,  that  the  stalk  is  suppressed  in  leaves  whose 
function  is  specially  that  of  protecting  a  bud.  Superficial  examination 
here  might  readily  lead  to  the  confusion  of  this  prophyll  with  an  axillary 
stipule  of  the  subtending  leaf*.  Where  there  are  two  prophylls  their 
position  filling  up  the  gap  between  the  mother-axis  and  the  stalk  of  the 
subtending  leaf  is  particularly  favourable  for  the  protection  of  the  young 
bud  in  its  first  stages  of  development. 

Winter-buds.  In  overwintering  buds  the  prophylls  are  usually  indis- 
tinguishable from  the  other  bud-scales.  Sometimes  the  whole  'bud- 
covering  '  is  furnished  by  the  prophylls  alone,  as  in  species  of  Salix,  where 
they  are  *  concrescent  *  into  a  thick  scale.  In  other  plants  they  are  dis- 
tinguished by  their  early  development,  which  precedes  that  of  the  rest  of 
the  axillary  bud.  This  is  seen  in  Solanum  tuberosum,  where  the  prophylls 
are  asymmetric  and  their  posterior  half  is  scarcely  developed,  and  conse- 
quently they  are  bent  in  the  direction  towards  the  axis  of  the  chief  shoot. 

Tilia.  Of  prophylls  which  are  adapted  to  special  functions  the  wing- 
leaf  of  the  inflorescence  of  Tilia  may  be  mentioned.  It  first  of  all  acts 
as  a  protective  covering  to  the  downwardly  bent  inflorescence  during  the 
unfolding  of  this,  and  thereafter  when  full  grown  forms  a  kind  of  parachute, 
although  not  a  very  complete  one  to.  the  fruits.  It  has  moreover,  during 
the  ripening  of  the  fruit,  a  physiological  significance  which  will  be  described 
when  the  formation  of  the  fruit  is  dealt  with. 

Cyperos.  The  prophylls  of  some  species  of  Cyperus  play  a  part  which 
has  been  until  now  overlooked.     They  act  as  expanding  bodies  which  force 


'  See  Goebel,  Morphologische  und  biologische  Stndien  :  III.  Uber  den  Ban  der  Archen  imd  Bliiten 
einiger  javanischer  Cyperaceen,  in  Annales  du  Jardin  botaniqne  de  Buitenzorg,  vii  (1888),  p.  lao; 
id.,  Ein  Beitrag  zur  Morphologie  der  Graser,  in  Flora,  Ixxxi  (Erganzungsband  zum  Jahrgang  1895), 
p.  38.  ^  By  Lubbock,  On  Buds  and  Stipules,  London,  1899.  '  See  p.  392. 

*  In  species  of  Aristolochia  in  which  the  axillary  bud  is  protected  by  the  base  of  the  subtending 
leaf,  the  fonnation  of  the  prophyll  is  suppressed. 
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the  leaves  after  their  unfolding  to  stand  away  horizontally  from  the  axis. 
This  is  most  clearly  seen  in  shoots  of  Cypenis  altemifolius,  which  do  not 
attain  to  the  formation  of  flower  (Fig.  ^99).  In  the  axil  of  the  foliage- 
leaves  fleshy  bodies  pointed  at  the  top  are  visible,  and  these  have  brought 
the  leaf  into  its  horizontal  position.  In  the  formation  of  these  swollen 
bodies  the  fleshy  prophyll  of  the  axillary  shoot  has  taken  almost  the  whole 
part  (see  Fig.  299,  ///),  at  the  same  time  the  base  of  the  foliage-leaf  is 
swollen  somewhat  and  becomes  fleshy  at  both  sides,  but  this  is  not  clearly 
shown  in  the  figure. 

Cucurbitaoeae.  In  the  Cucurbitaceae  the  prophylls  are  transformed 
into  tendrils,  and  these  will  be  described  when  the  tendrils  are  spoken  of. 

2.    KATAPHYLLS. 

The  expression  kataphyll,  as  first  used  by  C.  F.  Schimper,  referred  to  the 
formation  of  leaves  on  hypogeous  shoots.  On  such  shoots  the  leaves,  where 
they  cannot  function  as  assimilation-organs,  are  more  simply  constructed 
than  they  are  on  epigeous  parts,  and  appear  mostly  in  the  form  of  simple 
scales,  whose  function  it  is  to  protect  the  vegetative  point.  In  many  plants 
they  are  used  for  the  storing  up  of  reserve-material,  and  of  this  something 
will  be  said  later*.  To  these  leaf-formations,  both  in  their  construction 
and  function,  all  those  epigeous  parts  which  have  been  called  bud-scales 
(tegmenta)  conform,  and  so  closely  that  they  have  received  the  same  name, 
which  is  not  altogether  wrong,  inasmuch  as  these  leaf-formations  upon  an 
upright  growing  shoot  stand  upon  the  *  lower '  region  of  the  shoot  and  are 
followed  by  the  foliage-leaves. 

That  the  kataphylls  arise  from  a  transformation  of  the  primordia  of 
foliage-leaves  can  be  certainly  proved  *  by  the  history  of  development,  by 
transition-forms,  and  by  experiment,  and  therefore  the  formation  of  these 
kataphylls  has  been  made  use  of  in  this  book  as  a  simple  example  of  the 
transformation  of  the  primordium  of  an  organ  ^.  This  transformation  may 
take  place  in  three  ways  : — 

(A)  The  primordium  as  a  whole  becomes  a  kataphyll,  undergoing  more 
or  less  far-reaching  changes. 

(B)  The  lamina  is  arrested  and  the  stipules  form  kataphylls. 

(C)  The  leaf-base  develops  into  the  kataphyll,  the  primordium  of  the 
leaf-lamina  is  arrested,  and  the  leaf-stalk  is  not  developed. 

A.  Kataphylls  formed  by  the  whole  Leaf-primordium. 
A  very  instructive  example  of  this  is  furnished  by  Talisia  princeps,  Oliv. 
(Fig.  257),  because  in  it  the  kataphylls  are  but  little  different  from  the 


^  See  p.  398. 

*  Goebcl,  Beitragc  zur  Morphologic  ond  Physiologic  des  Blattes,  in  Botanische  Zeitnng,  xxxviii 
(1880).  See  also  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk*s 
Handbuch  der  Botanik,  iii  (1884),  p.  243.  »  See  Part  I,  p.  6. 
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foliage-leaves.  The  foliage-leaves  are  pinnate,  and  we  find  the  same 
segmentation  also  in  the  kataphylls,  but  these,  before  they  reach  the  size  of 
ordinary  foliage-leaves  and  before  they  develop  in  breadth,  dry  up,  and  so 
form  an  envelope  to  the  bud.  The  protection  afforded  by  this  envelope  is 
not  very  great.  In  plants  whose  buds  are  more  liable  to  the  danger  of 
drying  and  freezing  we  find  that  the  protection  to  the  bud  is  correspondingly 
increased,  as,  for  example,  in  Syringa  and  some  other  Oleaceae,  such  as 


Pio.  357.    Talisia  princepa,  OHv.    End  of  a  shoot  with  foliar-leaves  and  erect  pinnate  kataphylls.    Reduced. 

Ligustrum  and  Forsythia ;  one  might  also  reckon  here  Salix,  whose  bud- 
cover  is  formed  by  the  concrescence  of  two  prophy lis. 

B.  Kataphylls  formed  by  the  Stipules.  Here  also  we  find 
transitions  to  the  ordinary  condition.  In  Alnus  the  protection  of  the  bud 
is  commonly  ^  fiirnished  by  three  scales.     These  are  stipules,  two  belonging 


^  Occasionally  on  the  outside  a  still  folded  foliage-leaf  is  formed. 
C  C 
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to  the  outermost  leaf  of  the  bud  and  one  to  the  second.  The  primordia  of 
the  foliage-leaves  to  which  these  stipules  belong  are  well  developed  and 
unfold  later.  In  Magnolia  the  different  species  behave  differently.  The 
buds  are  always  protected  by  stipules.  In  Magnolia  fuscata  the  leaf  itself 
to  which  the  stipules  belong  is  arrested  usually,  but  sometimes  it  is  developed ; 
in  other  species,  such  as  Magnolia  Campbelli  ^  and  M.  Umbrella,  the  pro- 
tective stipules  belong  to  a  leaf  which  discharges  its  function.  In  other 
woody  plants,  especially  in  Quercus  and  Fagus,  the  buds  are  protected  by 
pairs  of  stipules,  according  to  the  statements  of  the  descriptive  botanists, 
but  the  laminar  primordia  of  these  are  not  developed  in  the  outer  ones. 
I  have  shown  *  that  the  history  of  development  is  opposed  to  this,  and  that 
as  a  fact  the  laminar  primordium  stands  as  a  small  unstalked  pointlet 
between  the  two  stipules  which  belong  to  it,  and  only  the  first  two  leaves 
of  the  bud,  the  prophylls,  are  simple  structures.  Beijerinck  ^  subsequently 
confirmed  this,  whilst  E.  Schmidt*  could  not  find  the  rudiment  of  the  leaf 
probably  because  it  had  fallen  away  at  the  time  of  his  examination.  I  have 
recently  by  a  series  of  microtome-sections  confirmed  my  old  statement,  and 
we  see  therefore  that  in  these  genera  there  is  an  arrest  of  the  primordium 
of  the  foliage- leaf  and  a  somewhat  divergent  formation  of  the  stipules. 
Analogous  processes  are  found  also  in  herbaceous  plants,  for  example  in 
the  hypogeous  shoots  of  Humulus  Lupulus. 

C.  Kataphylls  formed  by  the  Leaf-base.  The  kataphylls  of 
the  third  category  show  but  little  fundamental  divergence  from  those  last 
described,  and  I  repeat  here  the  account  of  them  I  have  given  elsewhere, 
in  which  the  evidence  in  support  of  their  relation  to  foliage-leaves  is 
discussed  ^ : — 

Evidence  from  Development.  If  an  expanding  bud  of  Acer  Fseudopla- 
tanus  be  examined  in  the  spring,  it  will  be  found  that  the  lowest  kataphylls  are  small 
bodies  with  a  broad  base  narrowing  upwards  and  bearing  at  the  tip  a  small  black 
pointlet  (Fig.  258,  7  A,  Z),  which  appears  upon  investigation  to  be  an  arrested  leaf- 
lamina  (Fig.  258,  7  B^  L),  These  leathery  scales  are  traversed  by  feebly  developed 
vascular  bundles.  The  bud-scales  immediately  above  them  are  larger,  sappy,  and 
sometimes  have  at  their  apex  a  small  leaf-lamina.     If  we  compare  the  bud-scales 


^  Hooker,  J.  D.,  and  Thomson,  T.,  Flora  Indica,  London,  1855,  p.  77. 

*  Gocbel,  Vcrgleichcnde  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Botanik,  iii  (1884),  p.  344. 

'  Beijerinck,  Beobachtungen  iiber  die  ersten  Entwicklnngsphasen  einiger  Cynipidengallen,  in 
Natnurknndige  Verhandelingen  der  Koninklijke  Akademie  van  Wetenschappen  in  Amsterdam,  xxii 
(1883),  p.  17. 

*  E.  Schmidt,  Beitrag  zur  Kenntniss  der  Hochblatter,  as  Wissenschaftliche  Beilage  zmn  Programm 
der  Friedrichs-Werder*schen  Oberrealschnle  in  Berlin,  Ostein  1889.  ^^^  Lubbock,  On  Bnds  and 
Stipules,  London,  1899,  p.  138,  says  of  the  stipules  *  there  are  sometimes  more  than  forty,  or  twenty 
pairs,  before  those  containing  the  first  leaf.*  In  these  pairs  the  laminar  primordium  is  early 
arrested. 

*  Goebel,  op.  cit.,  p.  346. 
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shown  in  Fig.  258,  7  with  a  young  primordium  of  a  foliage-leaf  immediately  before 
the  formation  of  the  stalk,  the  resemblance  between  the  two  structures  is  evident. 
The  bud-scale  is  evidently  the  leaf-base  which  is  more  strongly  developed  than 
it  is  in  the  foliage-leaf,  whilst  the  leaf-lamina  is  arrested ;  it  has,  however,  produced 
two  lateral  segments  (Fig.  258,  7  B)  whose  development  in  the  foliage-leaf  is  in 
basipetal  succession.  If  the  primordium  of  the  foliage-leaf  should  develop  further 
into  a  foliage-leaf,  the  laying  down  of  the  lateral  members  of  the  leaf-lamina 
proceeds  further,  and  between  the  lamina  and  the  leaf-base  there  is  also  inter- 
calated a  leaf-stalk  by 
elongation  of  the  upper  2/ 

part    of   the    leaf-base.  .a.  "Vr^l^xr^ 

The  transition  from  the 
kataphylls  or  bud-scales 
to  the  foliage-leaves  is 
sudden;  the  first  foliage- 
leaf  follows  directly  the 
last  large  kataphyll. 

Frunus  Fadus. 
Prunus  Padus  possesses 
stipules  like  other  mem- 
bers of  the  cycle  of 
affinity  of  the  Rosaceae, 
but  these  are  not,  as  has 
been  erroneously  sup- 
posed, constructed  as 
bud-scales  in  the  bud. 
The  bud-scales  are  here 
formed  out  of  the  leaf- 
base.  It  is  interesting 
to  notice  the  gradual 
transition      from      the 


Pio.  358.    1-6,  Pranas  Padus.   i  and  a,  bad-acaks  formed  of  the  broadened 
eaf-base;  L^  arrested  primordiam  of  the  lamina ;  si^  primordia  ofthesti 
seated  on  the  leaf-base.    3,  one  of  the  uppermost  scales  of  an  nnfoldins^ 


leaf-base;  L^  arrested  primordium  of  the  lamina ;  si^  primordia  of  the  stipules 
seated  on  the  leaf-base,  r  one  of  the  uppermost  scales  of  an  unfoldinfi"  bi  * 
the  three  vascular  bundles    traversing   the   leaf-base  have  branched; 


bud, 

;  *A 
stipules ;  Z.,  lamina ;  H^  gland  at  base  of  lamina.  The  central  portion 
between  the  cross-strokes  becomes  the  petiole,  the  portion  below  the  lower 
stroke  is  that  represented  in  the  bud-scale.  4,  young  leaf;  st,  stipules;  JL, 
lamina.  The  cross-stroke  marks  the  limit  of  the  leaf-sheath  represented  in  the 
bud-scale.  5  and  6.  middle  stages  between  bud-scale  and  foliage- leaf ;  Bl^ 
leaf-base;  st^  stipules.  See  the  text  for  further  explanation.  jA  and  7^, 
Acer  Pseudoplatanus.  Bud-scales ;  Z^  lamina.  The  arrested  lamina  in  7  ./I  is 
shown  natural  size. 


outer  small  bud-scales  in  the  lateral  buds  to  the  inner  larger  ones.  The  middle 
line  of  the  scale  is  traversed  by  a  strand  of  elongated  cells  in  which  there  are 
neither  vasa  nor  tracheids.  These  are  only  found,  small  and  few  in  number, 
in  the  scales  higher  up,  forming  three  strands,  a  middle  and  two  lateral  ones 
(Fig.  258,  2,  3).  The  scales  end  as  do  those  of  Acer  in  a  pointlet,  Z,  which 
is  the  arrested  primordium  of  the  lamina.  In  scales  such  as  those  shown  in 
Fig.  258,  2  there  is  observed  to  right  and  left  of  the  pointlet  g  projection,  and 
this  is  the  first  indication  of  the  stipules.  These  are  absent  from  the  lowest 
scale-leaves  because  they  proceeded  from  the  transformation  of  the  primordia 
of  foliage-leaves  whose  leaf-base  had  not  yet  laid  down  stipules.  The  later 
formed  primordia  standing  higher  up  undergo  the  transformation  only  at  a  later 
stage,  when  the  stipules  are  already  laid  down  and  more  or  less  developed. 
Fig.  258,  3  shows  a  bud-scale  in  which  this  is  the  case.  The  leaf-base  which 
forms  the  bud-scale  is  here  well  developed,  and  branches  proceed  into  the  widened 

C  c  a 
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leaf-base  from  the  three  vascular  bundles  traversing  it.  These  branches  are  not 
found  in  the  slightly  developed  leaf-base  of  the  foliage-leaf,  a  fact  which  is  of 
fundamental  importance  as  it  shows  that  the  appearance  of  vascular  bundles 
is  always  of  secondary  importance  in  morphological  questions.  Where  an  organ 
is  developed  so  as  to  have  a  somewhat  extensive  outline  vascular  bundles  appear 
in  it  in  correspondence  therewith.  It  would  be  a  mistake,  yet  it  is  often  made,  to 
endeavour  to  base  a  conclusion  r^arding  the  nature  of  an  organ  upon  its  vascular 
bundles.  In  Fig.  258,  4  a  young  foliage-leaf  whose  stalk  is  still  short  is  shown 
for  the  sake  of  comparison  with  the  bud-scale.  Three  vascular  bundles  are 
observed  passing  into  the  leaf-base  from  the  stem  and  from  each  of  the  lateral 
ones  a  branch  passes  over  into  the  stipules;  the  cross-stroke  indicates  the  limit 
of  the  portion  which  is  represented  in  the  bud-scale. 

Evidence  from  Transition-forms.  In  those  woody  plants  which  possess 
terminal  buds  the  transition  from  the  foliage-leaves  to  the  kataphylls  (bud-scales) 
is  commonly  a  gradual  one.  In  Aesculus  Hippocastanum,  for  example,  the  lamina 
of  the  last  leaf  before  the  scaly  bud  is  often  reduced  to  one  leaflet  and  the 
rudiments  of  two  others.  The  same  is  the  case  in  Juglans  regia  ^,  and  in  species 
of  Acer.  In  Prunus  Padus  also  the  laminar  primordium  is  greater,  the  leaf-base 
smaller,  in  the  first  bud-scales  than  in  those  which  follow.  I  mention  these 
drcumstances  here  because  they  appear  in  like  manner  in  plants  which  have 
no  bud-scales,  such  as  species  of  Lycopodium,  Juniperus,  and  Araucaria.  Also 
in  the  broad-leaved  trees  which  have  been  mentioned  the  leaves  which  are  formed 
towards  the  end  of  the  vegetative  period  are  smaller,  and  resemble  in  this  way  the 
middle  form  between  foliage  leaves  and  bud-scales.  We  may  assert  that  originally 
all  plants  possessed  no  bud-scales,  but  arrested  or  d^raded  foliage-leaves  only 
appeared  as  the  vigour  of  vegetation  decreased,  and  that  by  a  very  simple  process 
of  growth  the  bud-scales  took  origin  from  these  arrested  forms.  As  a  matter  of 
fact  we  have  seen  a  thoroughly  illustrative  case  in  Talisia  princeps  *. 

Evidence  from  Experiment.  That  the  bud-scales  have  proceeded  from 
the  primordia  of  foliage-leaves  is  proved  not  only  by  a  comparison  of  the  history 
of  development  but  also  by  experiment.  It  is  possible  to  cause  the  primordia 
which  in  the  normal  course  of  development  would  develop  into  bud-scales  to 
grow  into  foliage-leaves.  This  takes  place  if  one  causes  a  bud  which  has  been 
laid  down  and  which  would  normally  shoot  in  a  succeeding  year,  to  develop  in 
the  same  year  as  that  in  which  it  is  formed,  at  the  time  when  the  bud-scales  are 
still  at  the  stage  of  inception.  This  may  be  done  by  removing  the  leaves  of 
the  apex  from  a  young  shoot  The  lateral  buds  are  then  induced  to  shoot  out 
and  do  not  form  scale-leaves  but  only  foliage-leaves  with  complete  well-developed 
lamina  and  leaf-stalk  as  well  as  a  leaf-base  which  is  exactly  like  that  of  the 
ordinary  foliage-leaf  ^ 

Middle  stages  between  foliage-leaves  and  kataphylls  are  not  wanting.  They 
are  shown  in   Fig.  258,  5  and  6.      Fig.  258,  6  shows  a  broad   leaf-base  with 


'  See  for  farther  details  Goebel,  Beitnige  znr  Morphologic  and  Pbysiologie  des  Blattes,  in 
Botanische  Zcitung,  xxxviii  (1880),  p.  775. 
*  Sec  p.  385,  Fig.  357.  "See  Goebel,  op.  cit.,  for  details. 
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small  stipules,  st^  no  leaf-stalk,  and  a  normal  although  very  small  leaf-lamina. 
Fig.  258,  5  approaches  much  more  a  normal  foliage-leaf,  from  which  it  differs 
mainly  by  the  great  development  of  the  leaf-base.  These  two  leaves  would  in 
undisturbed  vegetation  have  formed  small  bud-scales  as  in  Fig.  258,  i.  They 
were  caused  to  develop  into  foliage-leaves  at  a  time  when  the  primordium  of 
the  foliage-leaf  had  only  begun  to  develop  and  to  form  itself  into  a  bud-scale 
by  widening  of  its  leaf-base;  a  relationship  which  if  once  started  cannot  be 
reversed  but  through  the  increased  addition  of  food-material  which  the  shooting- 
out  of  the  bud  brings  about,  must  go  on  still  increasing.  The  same  is  the  case 
in  the  leaf  shown  in  Fig.  258,  6,  where  the  leaf-base  resembles  entirely  the  bud- 
scale  in  Fig.  258,  3,  although  this  was  one  of  the  uppermost  bud-scales  of  a 
normally  elongated  shoot,  whilst  the  leaf  in  Fig.  258,  6  was  the  lowermost  leaf 
of  a  bud  which  had  been  artificially  forced  into  elongation.  The  causes  of  the 
configuration  must  indeed  be  considered  to  be  the  same  in  both  cases.  The 
first  bud-scales  are  laid  down  very  early,  about  the  beginning  of  April,  at  a  time 
when  the  reserve-material  is  chiefly  required  for  processes  of  growth  which  find 
their  expression  in  the  shooting-out  of  the  bud  completely  laid  down  in  the 
preceding  year.  The  bud-scales  which  arise  later  and  the  foliage-leaves  which 
they  invest  are  laid  down  at  a  time  when  the  unfolded  foliage-leaves  of  the  shoot 
to  which  they  belong  are  still  doing  assimilation-work.  Of  course  this  circum- 
stance is  only  one  fact  of  importance  which  has  to  be  considered  in  the 
investigation  of  the  configuration-relationships  in  question.  It  is  no  explanation 
of  them. 

The  features  which  have  been  described  in  the  case  of  Prunus  Padus  are 
observable  also  in  other  plants,  for  example  in  Aesculus  and  Acer,  and  also  in 
plants  whose  bud-scales  are  formed  from  the  stipules  of  arrested  foliage-leaves,  such 
as  Quercus,  Fagus,  and  others. 

Monocotyledones.  In  Monocotyledones  also  we  find  frequently  kataphylls 
and  transitions  from  them  to  foliage-leaves.  On  such  intermediate  forms  we 
observe  the  lamina  reduced  and  the  leaf-base  developed — the  leaf-base  being  very 
strong  on  the  chief  shoots  of  the  Bambuseae  which  send  up  giant  epigeous  turios 
upon  which  kataphylls  alone  are  produced  at  first.  In  many  cases  the  lamina 
is  altogether  wanting.  The  kataphyll  has  developed  into  a  sheath  before  any 
differentiation  of  the  lamina  and  the  leaf-base  had  taken  place.  This  subject 
will  be  referred  to  again,  when  speaking  of  the  hypsophylls,  which  arise  in  the 
same  way  as  do  the  kataphylls,  indeed  the  only  distinction  between  the  two  is 
their  place  in  the  plant's  construction. 

3.   HYPSOPHYLLS. 

We  owe  the  term  hypsophyll  to  Schimper.  Originally  ^  he  distinguished, 
besides  the  foliage-leaves  of  the  plant,  the  forms  of  sheathing-leaves  in  which 


^  Schimper,  C.  F.,  Description  du  Symphytum  Zeyheri,  et  de  deux  especes  voisines  pr^c^emment 
comiues,  in  Bull.  Sci.  Nat.  F^rassac,  xxi  (1830),  p.  442  ;  id.,  in  Verhandlungen  der  schweizerischen 
naturfoTschenden  Gesellschaft  zu  Solothurn,  1836,  p.  113. 
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there  is  no  leaf-lamina,  and  which  are  found  upon  the  lower  regions  of  the 
shoots  of  a  plant  and  upon  the  upper  regions.  The  latter  leaves  he  subse- 
quently ^  called  the  hypsophylls ;  the  former  are  the  kataphylls,  Schimper's 
terms  were  established  mainly  through  the  influence  of  A.  Braun,  who  gives 
the  following  account  of  the  hypsophylls  2.  *To  the  formation  of  the 
hypsophylls  belong  the  leaves  of  the  involucre  and  the  common  calyx  of 
the  inflorescence,  the  bracts,  the  bracteoles  or  prophylls,the  glumes  and  paleae 
which  accompany  the  flowers.  They  are  like  kataphylls  in  that  the  stalk 
and  lamina  as  well  as  the  green  colour  are  almost  or  entirely  absent.  They 
are  distinguished  from  kataphylls  chiefly  by  the  narrowness  of  their  base, 
their  more  delicate  structure,  their  rapid  formation  and  equally  rapid  decay.' 

This  explanation  does  not  fit  a  very  large  number  of  the  structures 
which  belong  to  this  category.  It  is  based  like  that  of  the  kataphylls  upon 
the  conception  of  construction  founded  by  the  idealistic  morphology  and 
not  upon  the  real  processes  of  development,  and  it  leaves  out  of  considera- 
tion entirely  the  relationships  of  the  hypsophylls  to  the  foliage-leaves. 
I  have  shown  ^  that  the  hypsophylls,  like  the  kataphylls,  are  developed  out 
of  the  primordia  of  foliage- leaves,  and  that  they  may  come  into  existence 
in  different  waySy  and  of  this  some  examples  will  be  mentioned  below. 

It  may  be  asked,  is  there  any  advantage  in  retaining  Schimper's 
terminology  ?  The  leaves  have  only  this  in  common,  that  they  occur  in  the 
flower-region,  whilst  in  respect  of  their  function  they  have  very  different 
significance.  Sometimes  they  are  still  assimilation-organs ;  usually  they 
are  protective  organs  for  the  flower-buds  or  inflorescence  ;  not  infrequently 
they  act  as  a  flag,  or  they  may  combine  this  with  protection ;  sometimes 
their  service  is  claimed  for  the  distribution  of  the  seeds  or  of  the  fruits,  as 
in  Tilia  ;  whilst  again  they  may  be  greatly  reduced  or  even  aborted.  It  has 
always  appeared  to  me  of  use  to  have  a  common  name  for  the  leaves  which 
occur  in  the  flower-region,  and  which  do  not  belong  to  the  flower  itself, 
although  the  only  common  link  between  them  may  be  that  of  their  position. 
It  is  also  probable  that  between  the  formation  of  the  flower  and  the  con- 
figuration of  the  hypsophylls,  which  deviates  from  the  typical  form  of  the 
foliage-leaf,  there  exists  a  correlative  connexion,  because  often,  although  not 


*  See  also  Wydler,  Morphologische  Mittbeilungen,  in  Botanische  2^ituiig,  ii  (1844),  p.  626. 

^  A.  Braun,  On  the  Phenomenon  of  Rejuvenescence  in  Nature.  English  Translation  by  A.  Henfrey, 
published  by  the  Ray  Society,  1853,  p.  63. 

•  Goebel,  Beitrage  zur  Morphologie  und  Physiologie  des  Blattes,  in  Botanische  Zeitung,  xxxviii 
(1880);  id.,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Botanik,  iii  (1884),  P-  250.  The  objections  which  E.  Schmidt,  Beitrag  zur  Kenntniss  der 
Hochblatter,  as  Wissenscbaftliche  Beilage  zum  Programm  der  Friedrichs-Werder'schen  Oberrealschule 
in  Berlin,  Ostem  1889,  has  raised  against  single  points  in  my  explanation  are  only  of  a  formal 
nature.  Schmidt  starts  from  the  assumption  that  I  have  declared  the  differentiation  of  the  primordial 
leaf  into  leaf-base  and  upper  leaf  to  be  a  universal  phenomenon.  This  is  an  error.  I  have  shown 
that  in  unsegmenied  leaves  also  the  development  is  simplified.  See  Goebel,  Vergleichende  Entwick- 
lungsgeschichte der  Pflanzenorgane,  in  Schenk's  Handbuch  der  Botanik,  iii  (1884),  p.  315. 
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always,  if  the  inflorescence  grows  further  vegetatively  the  ordinary  leaf-form 
again  appears.  The  configuration  of  the  hypsophylls  therefore  has  a  causal 
connexion  with  the  place  of  their  occurrence,  and  the  name,  upon  this 
ground,  should  be  maintained.  The  causal  relationships  are  here,  as  in  most 
other  cases,  at  the  present  time  obscure. 

There  are,  however,  two  questions  which  we  can  answer : — 
How  do  the  hypsophylls  arise?     Does  the  law  hold  for  them  that 
the  course  of  development  of  all  leaves  of  a  plant  is  originally  the  same, 
but  that  at  different  stages  of  development  different  paths  may  be  assumed  ? 
In  what  relation  do  configuration  and  function  stand  in  them  ? 

A.    THE  DEVELOPMENT  OF  HYPSOPHYLLS. 

We  may  first  of  all  note  that  on  the  one  hand  graded  transitions  are 
found  in  many  plants  between  foliage-leaves  and  hypsophylls,  and  also  it  is 
impossible  to  draw  any  sharp  limit  between  foliage-leaves  and  hypsophylls 
in  many  cases,  although  the  hypsophylls  are  very  different  from  the  foliage- 
leaves.  On  the  other  hand,  the  difference  between  foliage-leaves  and  hyp- 
sophylls may  sometimes  be  very  great,  whilst  in  other  cases  it  sinks  to 
nothing.  This  is  the  more  the  case  the  less  segmented  the  typical  leaves 
are.  In  Epilobium  parvifolium  and  in  Edraianthus  Pumilio,  a  campanula- 
ceous  plant  with  linear  leaves,  the  hypsophylls  differ  little  from  the  foliage- 
leaves  ;  they  are  only  smaller,  and  those  which  stand  further  up  upon  the 
stem  and  have  to  protect  the  flowers  in  their  bud-state  have  a  somewhat 
broader  leaf-base.  In  many  Monocotyledones  also,  for  example  Cypripe- 
dium  Calceolus,  the  bracts  of  the  flowers  are  only  distinguished  from  the 
foliage-leaves  by  being  shorter  and  smaller.  But  even  in  simple  leaf-forms 
amongst  the  hypsophylls  there  may  be  far-reaching  transformation.  Thus 
in  Rhinanthus  major  the  foliage-leaves  show  no  evident  distinction  between 
leaf-base  and  lamina  externally,  nevertheless  such  differences  exist  in  the 
course  of  the  vascular  bundles.  The  leaf  has  three  vascular  bundles,  and 
the  middle  one  runs  as  a  strong  mid-vein  from  which  the  lateral  nerves 
pass  out  into  the  depressions  between  the  leaf-teeth  (Fig.  259, 1).  The  two 
lateral  bundles  extend  only  into  the  lower  third  of  the  foliage-leaf,  bend  then 
into  one  of  the  marginal  depressions  (Fig.  259,  /,  a\  and  send  off"  twigs 
which  pass  out  into  the  other  marginal  depressions.  If  we  designate  the 
upper  portion  of  the  leaf,  that,  namely,  which  lies  above  a  in  Fig.  259,  as  the 
lamina,  although  it  is  only  distinguished  from  the  lower  part  by  this  distri- 
bution of  the  vascular  bundles,  and  if  we  call  the  lower  portion  the  leaf- 
sheath,  then  we  should  find  that  amongst  the  h)T)sophylls  the  lamina 
becomes  shortened  and  the  sheath  becomes  wider  (Fig.  259,  //  and  III), 
evidently  because  it  is  required  for  the  better  protection  of  the  flower-bud. 
In  Fig.  259,  IV  and  V,  the  lamina  is  reduced  to  a  very  small  portion, 
barely  one-fifth  or  one-sixth  of  the  whole  length  of  the  leaf,  the  sheath  which 


Digitized  by 


Goo^^ 


392 


TRANSFORMED  LEAVES 


serves  specially  as  a  flag-apparatus  has  a  white  colour,  and  upon  it   the 
lamina  appears  at  last  as  only  a  small  green  tip. 

On  plants  with  stalked  and  branched,  that  is  to  say,  segmented  leaves, 
we  observe  the  following  differences  usually  in  the  formation  of  the  hypso- 
phylls  as  compared  with  the  foliage-leaves  : 

{a)  Diminution  and  final  disappearance  of  the  leaf-stalks.  Teleo- 
logically  this  is  easily  understandable  because : — 

I.  The  hypsophylls  are  developed  in  the  upper  region  of  the  shoot 
above  all  the  other  leaves. 

1.  Owing  to  the  diminution  of  the  leaf-surface  which  will  be  presently 
described,  the  necessity  of  a   leaf-stalk   either  as  a   mechanical   support 

or  for  the  placing  of 
the  leaf  in  a  favour- 
able lie  in  relation  to 
light  is  less  than  in 
the  typical  foliage- 
leaf. 

3.  The  suppres- 
sion of  the  leaf-stalk 
enables  the  leaf- 
lamina  more  readily 
to  protect  the  axil- 
lary bud. 

(i)  Diminution 
of  the  leaf -surface 
along  with  a  simpli- 
fication of  its  seg- 
mentation. The  work  of  assimilation  is  but  slightly  or  not  at  all  per- 
formed by  hypsophylls. 

(c)  The  widening  and  often  elongation  of  the  leaf -base.  This  takes  place 
because  its  protective  function  is  the  chief  one. 

We  find  in  the  development  of  hypsophylls  the  same  variety  of  pro- 
cesses as  in  the  formation  of  the  kataphylls : — 

A.  Hypsophylls  formed  by  the  whole  Leaf-primordium.  The 
hypsophylls  are  produced  by  transformation  of  the  leaf-lamina  or  of  the 
whole  primordium  of  the  leaf  in  leaves  where  there  is  no  marked  difference 
between  lamina  and  sheath.  We  find  illustrations  of  this  in  cases  where 
the  hypsophylls  are  but  little  different  from  the  foliage-leaves.  In  Caltha 
palustris,  for  example,  the  hypsophylls  have  usually  a  shorter  stalk  than 
have  the  foliage-leaves,  and  in  the  uppermost  hypsophylls  the  stalk  may  be 
wanting  altogether.  Apart  from  the  fact  that  the  lamina  is  smaller  than 
IS  that  of  foliage-leaves,  such  hypsophylls  resemble  foliage-leaves  in  every 
respect.     From  a  simplification  of  this  kind  there  are  all  transitions  to  the 


Fig.  359.      Rhinanthas  major.     Transition,  in  the  seqaence  1  to  F,  from 
foliage-leaf  to  hypsophyll.    a  indicates  the  upper  limit  of  the  leaf-base. 
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most  characteristic  hypsophylls.  In  Epilobium  angustifolium,  for  example, 
the  lowermost  flowers  of  the  inflorescence  stand  in  the  axils  of  ordinary 
foliage-leaves,  and  the  higher  one  goes  the  smaller  become  the  bract-leaves, 
their  breadth  sinking  to  about  half  a  millimeter,  and  they  consist  then  only 
of  a  midrib  and  a  narrow  green  wing  upon  each  side  of  it.  Circaea  inter- 
media, a  member  of  the  same  family,  has  all  its  bracts  in  the  form  of 
delicate  scales  which  have  no  vascular  bundle,  and  they  form  a  transition 
to  the  complete  arrest  of  the  hypsophylls  which  will  be  mentioned  below. 

In  the  origin  of  the  hypsophylls  we  have  to  deal  with  an  arrest  in  the 
development  of  the  primordium  of  the  foliage-leaf;  the  extent  of  this 
varies,  reaching  sometimes  complete  suppression,  and  it  always  begins  with 
a  simplification  of  the  configuration  of  the  leaf. 

In  some  plants,  for  example  Ranunculus  acris,  Saxifraga  rotundifolia, 
Heuchera  Menziesii,  and  others,  there  is  a  peculiarity,  the  biological  sig- 
nificance of  which  appears  to  me  to  be  still  doubtful : — The  hypsophylls, 
at  least  a  portion  of  them,  are  relatively  more  divided  than  are  the  foliage- 
leaves,  whilst  commonly  the  converse  occurs.  The  recognized  features  of 
the  formation  of  hypsophylls  are  visible  in  these  cases,  namely,  shortening 
or  suppression  of  the  leaf-stalk,  diminution  of  the  leaf-surface,  and  to  this 
end  deeper  division  of  the  leaf-surface,  but  the  causes  of  thi^  divergent 
configuration  are  unknown,  although  a  functional  as  well  as  a  developmental 
relationship  appears  to  exist.  So  far  as  I  know,  the  occurrence  of  such 
divided  hypsophylls  is  limited  to  many-flowered  inflorescences,  which  even 
in  the  bud-condition  have  a  somewhat  elongated  conformation.  The  long 
lobes  of  the  lower  hypsophylls  lie  against  the  outside  of  the  inflorescence, 
and  thus  form  an  envelope  about  it  which  resembles  an  envelope 
formed  out  of  many  narrow  separate  hypsophylls  of  which  we  have  an 
illustration  in  the  involucre  of  the  Compositae.  The  formation  of  these 
lobes  would  be  in  harmony  with  the  explanation  of  the  hypsophylls  as 
arrested  states  of  the  foliage-leaves  if,  in  the  development  of  the  foliage- 
leaves,  the  formation  of  the  lobes  preceded  the  development  of  the  lamina. 
We  have  already  seen  some  cases  of  this  kind.  If,  for  example,  the  young 
leaf  of  Benincasa  cerifera  (Fig.  201,  /)  remained  at  this  developmental 
stage,  with  elongation  of  the  three  upper  leaf-lobes,  and  no  further  develop- 
ment of  the  lamina  took  place,  a  deeply  *  divided '  hypsophyll  would  be 
formed  which  apparently  would  deviate  far  from  the  foliage- leaf,  but  would 
be  only,  after  all,  a  product  of  the  arrest  of  this.  Whether  this  is  true  of  all 
cases  of  hypsophylls  which  are  more  deeply  divided  than  are  the  foliage- 
leaves  of  the  same  plant  requires  further  investigation.  In  Heuchera 
Menziesii  the  leaf-development  conforms  with  the  theoretical  derivation 
above  given.  In  its  hypsophylls  there  are  fewer  lobes  laid  down  than  in 
the  foliage-leaves,  but  these  experience  a  greater  enlargement,  especially 
elongation. 
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B.  Hypsophylls  formed  by  the  Stipules.  Hypsophylls  may 
consist  of  stipules  whose  leaf-lamina  is  arrested.  We  find  these  in  the  in- 
florescence of  Humulus  Lupulus  for 
example.  The  leaves  in  the  axil  of 
which  the  catkins  of  female  flowers 
arise,  show  from  below  upwards  a 
gradual  diminution  of  the  lamina, 
until  in  the  uppermost  portion  of 
the  inflorescence  this  is  arrested  at 
so  early  a  period  that  it  apparently 
no  longer  exists.  We  may,  however, 
cause  its  evolution  artificially  by 
removing,  for  example,  the  leaves 
from  the  shoot,  and  occasionally  it 
may  develop  without  such  external 
interference  because  its  primordium 
is  always  visible  between  the  sti- 
pules. A  corresponding  case  is  only 
known  to  me  in  the  inflorescence  of 
AmiciaZygomeris  where  the  stipules 
of  the  bract-leaves  of  the  flowers  are 
developed  as  protective  organs  whilst 
the  lamina  itself  is  arrested. 

C.  Hypsophylls  formed 
BY  the  Leaf-base  or  mainly 
so.  Where  this  happens  the  seg- 
mentation of  the  leaf-primordium 
into  leaf-base  and  upper  leaf  pro- 
ceeds gradually,  and  finally  the  leaf- 
primordium  without  reaching  the 
stage  of  expansion  as  a  leaf-lamina 
becomes  sheath-like.  This  process 
is  found  especially  in  plants  with 
well-developed  leaf-base.  In  Rhi- 
nanthus  we  have,  as  has  been  above 
shown,  an  analogous  example  in  the 
case  of  leaves  which  are  very  slightly 
segmented.  A  few  examples  from 
plants  with  highly  segmented  leaves 
must  now  be  cited : — 
Mulgediom  maorophylltim.  Mulgedium  macrophyllum,  represented 
in  Fig.  a6o,  /,  possesses  at  first  a  foliage-leaf  whose  lamina  is  plainly  de- 
limited from  the  leaf-stalk,  and  the  latter  is  'winged'  in  its  upper  part. 


FiQ.  a6o. 
the  sequence  /  to  IV^ 
Redaced. 


Mnlgediam  macrophyllum.   Transition,  in 
'  '     "'  from  foliaj^-leaf  to  hypsopbyll. 
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The  leaf  in  Fig.  260,  //  is  one  from  the  lower  region  of  the  hypsophylls, 
and  in  it  the  leaf-stalk  is  scarcely  indicated,  but  the  leaf-base  is  enlarged 
evidently  in  correspondence  with  its  function  of  protecting  the  inflorescence- 
bud  which  is  thicker  than  an  ordinary  foliage-leaf-bud.  The  leaf  in  Fig. 
a6o,  ///  has  the  limit  between  leaf-lamina  and  leaf-base  still  marked 
by  a  deep  constriction.  No  leaf-stalk  is  present.  Fig.  a6o,  IV  shows 
a  leaf  in  which  the  limit  between  lamina  and  leaf-base  is  scarcely  at  all 
shown,  and  in  leaves  standing  higher  up  the  distinction  disappears  alto- 
gether. This  transformation  is  easily  understandable  when  the  history  of 
the  development  of  the  leaf  is  followed.  All  these  leaf-forms  resemble  one 
another  in  their  primordial  stage,  and  the  hypsophylls  arise  by  the  arrest  of 


Fig.  q6u     Astnuitia  major.     Hypaophvlls  of  different  degrees  oi 
from  /to  VI.    Chlorophylloas  parts  are  shaded  darker. 


configuration,  showing  a  reduction  series 


the  primordium  of  the  foliage-leaf  accompanied  by  an  increase  of  its  leaf- 
base  at  an  earlier  or  later  stage  of  its  development. 

Astrantia  migor.  Astrantia  major  shows  similar  features  (Fig.  261). 
If  we  pass  upwards  from  the  region  of  the  stalked  foliage-leaves  we  observe 
that  the  leaf-stalk  and  the  leaf-surface  gradually  become  smaller.  The 
leaf-stalk  gradually  vanishes  and  the  leaf-lamina  sits  directly  upon  a  widened 
leaf-base  (Fig.  a6i,  /).  The  sheathing  leaf-base  retains  at  first  at  the  margin 
a  whitish  colour,  and  the  differentiation  of  the  lamina  decreases  step  by 
step  (Fig.  a6i,  //,  III),  The  white  colour  of  the  leaf-base  becomes  more 
conspicuous  as  we  pass  upwards,  and  the  lamina  can  ultimately  only  be 
recognized  as  a  dark  green  tip  upon  the  top  of  the  otherwise  undifferentiated 
hypsophyll  (Fig.  a6i,  IV).  The  hypsophylls  (Fig.  a6i,  VI)  which  form 
the  involucre  have  in  contrast  with  the  preceding  ones  a  narrow  base,  and 
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this  is  connected  with  their  ring-Uke  arrangement  around  the  axis  :  here  the 
protective  function  is  taken  over  by  numerous  small  leaves,  whilst  it  is  else- 
where performed  by  single  relatively  large  leaves. 

The  processes  in  the  history  of  development  which  led  to  the  formation 
of  hypsophylls  can  be  readily  understood  from  what  we  know  of  the 
development  of  kataphylls  from  foliage-leaves,  and  therefore  I  do  not 
require  here  to  set  them  forth  in  detail.  We  have  to  deal  with  an 
external  transformation  of  the  primordium  of  the  foliage-leaf;  it  is  often 
marked  by  transition-forms,  and  it  may  begin  sometimes  later  and  some- 
times earlier,  even  before  the  appearance  of  any  differentiation  of  the  leaf- 
primordium,  and  then  we  obtain  a  sheath-like  structure  without  any  indication 
of  a  lamina.  That  we  have  really  to  deal  with  a  structure  homologous  with 
the  leaf-sheath  is  shown  by  its  whole  nature,  especially  often  by  the  course 
of  the  vascular  bundles,  and  by  comparison  with  transition-forms.  The 
course  of  the  bundles  in  the  hypsophylls  of  Dicotyledones  recalls  frequently 
that  in  the  ordinary  monocotylous  leaves  (see  Fig.  261,  III).  That  the 
whole  as  yet  unsegmented  leaf-primordium  can  be  made  use  of  in  a  con- 
struction to  which  otherwise  only  a  part  is  devoted,  need  not  surprise  us 
when  we  assume  Sach's  hypothesis  of '  material  and  form.'  Thje  difference 
between  lamina  and  sheath  then  appears  to  depend  upon  definite  material 
processes — upon  the  appearance  of  definite  '  growth-enzymes,*  or  whatever 
one  chooses  to  call  the  unknown  material  used  in  the  formation  of  the 
organs.  Let  us  name  the  material  which  is  necessary  for  the  formation  of 
the  lamina  x^  and  that  for  the  leaf-sheath  (leaf-base)  j/,  then  in  the  primordium 
of  the  foliage-leaf  ;ir+^  must  appear,  and  the  same  will  happen  in  many 
hypsophylls,  but  in  many  only  y  will  be  present. 

Hypsophylls  in  Monocotyledones.  The  hypsophylls  in  many 
Monocotyledones  may  be  specially  mentioned  here,  for  they  also  show 
transition-forms.  In  Carludovica  plicata  the  spadix  is  surrounded  by 
a  number  of  hypsophylls.  In  one  case  which  was  investigated  the  outermost 
of  these  had  still  an  evident  lamina,  smaller  indeed  than  that  of  the 
foliage-leaf,  but  it  possessed  a  stalk,  and  this  was  shorter  than  that  of 
the  foliage-leaf.  The  following  hypsophyll  had  no  stalk  but  only  the 
rudiment  of  a  lamina,  with  the  ptyxis  characteristic  of  the  genus.  In  the 
third  the  lamina  was  still  more  reduced,  and  finally  the  hypsophylls  showed 
only  a  sheath  without  any  laminar  portion.  The  paleae  and  glumes  of  the 
grasses  belong  also  here,  and  the  awn  which  occurs  in  many  of  them  has 
for  long  been  considered  rightly  as  a  rudimentary  lamina. 

B.    RELATIONSHIPS  BETWEEN  CONFIGURATION  AND  FUNCTION 
IN  HYPSOPHYLLS. 

It  has  been  already  shown  several  times  that  we  can  recognize,  usually 
very  easily,  the  relationships  between  the  form  and  the  function  of  the 
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hypsophyll,  because  the  leaf-base  from  which  it  is  developed  serves  habitually 
as  a  protection  to  the  bud,  and  thus  directly  points  to  the  chief  function 
of  the  hypsophyll. 

The  recognition  of  the  relationships  is  no  less  easy  in  cases  of  the  arrest 
of  hypsophylls  ^  Let  us  in  the  first  place  confine  our  attention  to  the 
bracts.  We  may  say  of  them  that  wherever  these  are  arrested  the  flowers 
have  some  other  method  of  protection,  either  by  being  placed  close  together 
or  by  special  protective  arrangements.  We  need  only  recall  here  the 
behaviour  of  most  Cruciferae,  many  Umbelliferae  and  Compositae,  in  which 
the  bracts  of  the  flowers  are  arrested,  because  the  whole  inflorescence  is 
protected  otherwise  in  the  bud-condition,  either  by  special  envelopes  of 
hypsophylls,  by  the  sheathing  portion  of  the  foliage-leaves,  or  in  other 
ways. 

Many  arrested  hypsophylls  exhibit  the  peculiar  phenomenon  of  division 
about  which  I  have  before  spoken  K  Some  examples,  however,  may  be 
mentioned  : — 

Loliom.  The  grass-spikelets  are  enveloped  by  two  glumes.  In  Lolium 
these  are  developed  upon  the  terminal  free  spikelet,  but  in  the  lateral 
spikelets,  which  lie  with  one  side  in  a  depression  of  the  axis  of  inflorescence, 
the  glume  next  this  axis  is  absent,  because  it  would  be  superfluous  as  a  pro- 
tective organ  ^  In  Lolium  temulentum,  especially  in  the  lower  flowers  of 
the  inflorescence,  it  is  frequently  developed,  seldom  as  an  entire  leaf  but 
usually  replaced  by  two  small  leaflets,  which  are  separated  from  one  another 
by  a  broad  intervening  space.  These  are  connected  with  the  undivided 
glume  by  transitional  forms  of  glumes  with  a  deep  indentation.  The  like 
is  found  upon  the  axis  of  inflorescence  of  Typha. 

Xeranthemom  maorophylliim.  Division  of  the  hypsophylls  is  also 
seen  in  the  Compositae.  Thus  in  Xeranthemum  macrophyllum  *  the  hyp- 
sophylls of  the  involucre  pass,  as  in  other  cases,  quite  gradually  into  the 
bracts  of  the  flowers,  the  outer  bracts  are  undivided,  those  further  in  show 
a  tendency  to  divide  into  two,  many  being  split  almost  to  the  middle, 
whilst  others  are  split  nearly  to  the  base,  so  that  two  apparently  completely 
independent  leaves  stand  before  each  flower.  Each  one  of  these  may  again 
divide,  and  so  instead  of  one  bract  there  may  be  a  number  of  small  linear, 
frequently  almost  bristle-like,  leaf-lobes. 

We  have  here,  as  it  appears  to  me,  the  beginning  of  a  new  formation. 
In  the  position  of  the  hypsophylls  in  process  of  arrest  appear  bristles  which 
subsequently  act  as  substitutes  for  the  pappus  in  the  scattering  of  the  fruit. 


*  See  Nauhaus,  Die  Verkummerung  der  Hochblatter.    Inaug.  Dissertation,  Gottingen,  1870. 

^  See  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch 
der  Botanik,  iii  (1884),  p.  399.  »  See  Part  I,  p.  57. 

*  See  Warming,  Die  BlUthe  der  Compositen,  in   Hanstein's  Botanische  Abhandlungen,  iii,   a 
(1876). 
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and  these  bristles,  as  in  other  Cynareae,  such  as  Cirsium,  Carduus,  and 
Centaurea,  cover  the  receptacle  in  great  number  and  without  transition  to 
bracts.  I  put  the  process  thus : — In  hypsophylls  in  process  of  arrest  there 
is  uniform  growth,  and  to  a  certain  extent  a  *  discipline '  amongst  the  cells 
no  longer  exists;  therefore  single  parts  grow  out  and  these  may  appear 
very  early,  even  on  the  shoot-axis  itself  single  cell-groups  may  shoot  out 
instead  of  the  whole  primordium  of  the  hypsophyll.  Where  now  instead  of 
single  parts  of  a  hypsophyll  we  see  *  bristle-scales,'  a  qualitative  change  has 
taken  place  which  may  have  b^^n  with  a  transformation  of  the  single  parts 
of  the  hypsophyll,  but  I  see  no  ground  even  then,  if  the  hypsophyll  no 
longer  exists,  for  keeping  its  ghost  hovering  above,  or  rather  below,  these 
bristle-scales ;  to  assume  that  it  still  exists  is  an  *  idea,*  and  this  *  idea  *  is 
stuck  somewhere  in  the  axis  and  only  allows  the  bristle-scales  to  appear. 
Such  *  ideas,'  however,  are  to  be  found  in  botanical  literature  even 
recent! 

4.   STORAGE-LEAVES. 

The  function  of  storing  reserve-material  can  be  undertaken  along  with 
the  ordinary  function  of  the  foliage-leaves.  We  find  this,  for  example,  in 
the  leaves  of  succulent  plants  which  store  water  as  reserve-material  in  their 
foliage-leaves.  Other  reserve-materials  may  be  similarly  stored.  Andro- 
sace  sarmentosa  (Fig.  305)  forms  towards  the  end  of  the  vegetative  period 
leaf-rosettes  of  which  the  single  leaves  are  thicker  and  shorter  than  the 
foliage-leaves  of  the  active  period  of  vegetation.  Pinguicula  caudata  and 
others  behave  in  like  manner.  They  have  green  epigeous  leaf-tubers.  In 
the  winter-buds  of  Utricularia  and  Myriophyllum  processes  which  are 
fundamentally  the  same  are  to  be  observed.  These  leaves  do  little  work  as 
assimilating  organs,  and  do  not  develop  further  in  the  shooting  out  of  the 
bud,  but  give  up  their  reserve-material  into  the  new  shoot. 

The  two  functions  of  assimilation  and  storage  may  also  be  taken  on  at 
diflFerent  times  by  a  leaf.  Dicentra  Cucullaria^  forms  tubers  on  its  rhizome. 
These  are  the  bases  of  leaves  which  are  swollen  as  reservoirs  of  reserve-food, 
and  transformation  takes  place  partly  at  the  base  of  ordinary  foliage-leaves^ 
partly  at  the  base  of  leaves  whose  lamina  is  arrested  and  which  we  can 
consider  as  kataphylls  acting  as  reservoirs  of  reserve-food.  Here  we  have 
a  case  showing  that  change  of  function  and  also  change  of  form  may  take 
place  sometimes  at  a  relatively  late  period  of  development,  sometimes  at  an 
early  period^.  Similar  cases  are  found  amongst  Monocotyledones.  For 
example,  the  outer  scale-leaves  of  a  bulb  of  Lilium  candidum  are  the  basal 


*  See  Holm,  Notes  upon  Uvularia,  Oakeria,  Diclytra,  and  Krigia,  in  Bulletin  of  the  Torrey 
Botanical  Club,  xviii  (1891),  p.  5. 
'  See  also  Part  I,  p.  9,  and  the  case  of  Oxalis  ruscifonnis  described  on  p.  354. 
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portions  oi  foliage-leaves  whose  lamina  has  fallen  off,  the  inner  ones  are 
kataphylls  such  as  are  found  elsewhere  commonly  in  scaly  bulbs,  and  they 
are  leaf-structures  in  which  the  transformation  has  taken  place  at  a  much 
earlier  period. 

There  is  no  necessity  to  describe  here  the  different  features  of  storage- 
leaves,  which  from  an  organographical  standpoint  are  usually  very 
simple.  There  is,  however,  one  case  of  special  interest  to  which  I  must 
refer : — 

Lathraea  Squamaria.  Lathraea  Squamaria  is  a  root-parasite,  hypogeous 
except  in  its  inflorescence.  Its  rhizomes  are 
provided  with  thick  fleshy  decussate  scales, 
which  serve  as  reservoirs  of  reserve-material 
and  have  a  peculiar  structure^  (Fig.  262). 
Externally  they  appear  as  simple  scales,  but 
really  the  margin  of  the  scale  is  not  the  true 
leaf-margin,  nor  is  its  point  the  true  leaf-tip. 
The  upper  side  of  the  leaf  is  so  curved  down- 
wards that  a  cavity  is  formed  which  only  com- 
municates with  the  outside  by  a  narrow  slit 
at  its  base,  and  from  it  canal-like  extensions 
extend  deeper  into  the  fleshy  leaf-tissue. 

TozEia  alpina.  The  allied  genus  Tozzia 
has  simpler  scale-leaves  ;  besides  it  possesses 
foliage-leaves.  Its  scale-leaves  are  therefore 
of  special  interest  because  they  show  to  a 
certain  extent  the  structure  of  those  of  Lathraea 
in  a  more  rudimentary  form.  In  its  scale-leaves 
the  leaf-margin  alone  is  bent  over,  and  only 
in  the  protective  cavity  which  is  thus  made 
are  water-glands  found  (Figs.  263,  264,  265). 
the  special  form  of  leaf  of  Lathraea  has  sprung  from  the  simple  structure  of 
Tozzia,  and  if  this  conformation  is  the  result  of  a  biological  need  the  case  in 
Lathraea  where  scale-leaves  alone  are  present,  satisfies  higher  claims  than 
that  of  Tozzia,  which  subsequently  sends  a  shoot  bearing  foliage-leaves  above 
the  soil.  What  now  is  the  meaning  of  this  peculiar  formation  of  leaves  ?  The 
object  is  the  protection  of  the  water-glands  which  are  found  in  large  num- 
bers in  these  hypogeous  leaf-organs,  and  the  activity  of  which  replaces 
partially  that  of  transpiration.     These  water-glands  are  by  the  form  of  the 


Fig.  262.    Lathraea  Squamaria.  Upper 
figure:   apex  of  a  shoot  in  longitudinal 
section ;  ^,  incurved  apex  of  kataphyll ; 
"...  *     H>»t>k. 

Lower  fi 
section  i 


s\,  apparent  tip ;  r,  entrance  to  leatptt  > 

' r figure:  young kataphvll in surface- 

n  showing  the  pits.    Magnified. 


We  can  easily  imagine  how 


^  It  has  been  frequently  described,  bat  I  do  not  cite  the  literature,  as  the  plant  is  so  widely  spread. 
I  will  only  say  that  Irmisch,  Zar  Morphologic  der  monokotylischen  Knollen-  und  Zwiebelgewachse, 
Berlin,  1850,  p.  188,  was  the  first  who  rightly  described  the  morphology  of  the  leaf  of  Lathraea, 
and  refer  to  Stenzel,  Uber  die  Blatter  des  Schuppenwurz  (Lathraea  Sqaamaria),  in  Botanische 
Zeitung,  xxix  (1871),  p.  241. 
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leaf  brought  into  protected  cavities.     It  is  possible  that,  especially  in  the 
juvenile  stages,  these  cavities  serve  also  for  aeration  *. 

5.   COTYLEDONS'. 
The  cotyledons  demand  a  special  description  here,  as  in  more  than  one 

way  they  exhibit  peculiarities  which 
go  so  far  as  to  have  led  some  authors 
to  doubt  their  leaf-nature.  They  are 
distinguished  by  their  position.  We 
designate  as  cotyledon  the  first  leaf  or 
the  first  leaves  which  appear  upon  the 
embryo,  and  they  do  not,  as  do  the 
later  leaves  ^  proceed  out  of  the  vege- 
tative point  of  a  shoot,  but  proceed  from 
the  imsegmented  primordium  of  the 
embryo.  Leitgeb  has  established  the 
use  of  the  term  *  cotyledon '  also  for 
the  one  or  two  leaves  of  the  embryo 
of  Pteridophyta,  which  arise  independently  of  the  vegetative  point  of  the  shoot. 


Pig.  261.  Tocda  alpioa.  Storai^e-kataphyll  of 
the  rhizome.  To  the  left :  seen  from  above.  To 
the  right:  seen  from  below  so  as  to  exhibit  the 
revolote  margin  of  the  leaf. 


A.    PTERIDOPHYTA. 
The  cotyledons  of  the  Pteridophyta  require  hardly  any  special  descrip- 
tion.   They  are  so  like  the  primary  leaves  *  that  they  really  may  be  con- 
sidered as  the  first  members  of  these.    They  are  without  exception  arrested 

forms  offoliage'leaves^  and 
they  show  this  more  clearly 
than  do  the  cotyledons  of 
Spermophyta,  inasmuch  as 
they  do  not  discharge  the 
function  which  is  so  com- 
mon in  the  Spermophyta 
of  suctorial  organs.  This  work  is  in  the  Pteridophyta  taken  on  by  the 
'foot'  of  the  embryo.     They  also  do  not  act  as  storage-organs.    Their 


Pig.  364.    Tocxia  alpina.    Kataphyll  in  transverse  section.  Water- 
glands  are  seen  within  the  revolute  margins  of  the  leaf. 


'  See  Goebel,  Morphologische  und  biologische  Bemerkungen  :  7.  Uber  die  biologische  Bedeutung 
der  Blatthoblen  bei  Tozzia  und  Lathraea,  in  Flora,  Ixxxiii  (1897),  p.  444;  Haberlandt,  Zur  Kenntniss 
der  Hydathoden,  in  Pringsheim's  Jahrbiicher,  xxx  (1897),  p.  511.  Darwin  observed  the  exudation 
of  water  in  Lathraea. 

^  Du  Petit  Thouars  proposed  many  years  ago  to  replace  the  inexpressive  term  '  cotyledon '  by  the 
term  'protophyll.'  No  one  seems  to  have  supported  him  in  this  excepting  Tnrpin  (see  Annales 
des  sciences  naturelles,  ser.  i,  xxiii  (1831),  p.  10  footnote).  The  name  therefore  remains,  and  is 
crystallized  in  the  group-names  *  Monocotyledones  *  and  <  Dicotyledones.*  The  leafy  cotyledons 
developed  in  germination  have  also  been  called  'feuilles  seminales'  by,  for  instance,  A.  P.  De 
CandoUe. 

'  See,  however,  the  development  of  the  embryo  in  Monocotyledones. 

*  See  Part  I,  p.  15a,  Fig.  93. 
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resemblance  to  the  other  foli^e-leaves  is  therefore  very  evident,  because 
they  have  no  other  function  but  that  of  these.  Only  in  the  floating  forms  of 
Salvinia  and  Azolla  has  the  cotyledon  diflerent  conformation  from  the  first 
foliage-leaves.  It  is  peltate  in  Salvinia  and  turbinate  in  Azolla,  so  that 
an  air-bubble  can  be  retained  upon  the  deepened  upper  side^,  and  the 
construction  of  the  cotyledon  makes  more  certain  the  normal  floating 
position  of  the  embryo  upon  the  surface  of  the  water. 

B.    SPERMOPHYTA. 

The  embryo  of  the  Spermophyta  occupies  quite  a  different  position 
from  that  of  the  Pteridophyta.  It  submits  in  the  seed  to  an  interruption 
in  its  development,  except  in  the  case 
of  viviparous  plants,  and  is  during  this 
invested  by  stout  envelopes^  The  di- 
vergence in  form  of  the  cotyledon  from 
that  of  the  foliage-leaves  is  usually 
very  great.  The  question  is,  how  can 
we  explain  morphologically  and  bio- 
logically this  divergence?  Can  we 
furnish  utilitarian  explanations  and 
satisfactory  causes?  With  respect  to 
explanations  we  must  not  forget  that        ^    ^    «,    .    .  .      „         ..  ^   ,  . 

^  ^  Pig.  365.    Tooia  alpina.    Upper  part  of  a  kata- 

even   in   the   foliage-leaves    the  con-     pj»yu  'n  ir«»*Yr5r  «^"»-  '''*»«  watcr-gUnds  are 

^  shown.    Magnified. 

nexion  between  configuration  and  life- 
relationships  are  still  obscure,  and  therefore  in  the  case  of  the  cotyledons 
also  we  must  use  teleological  considerations  with  caution.  As  regards  the 
causes,  it  is  evident  that  there  are  many  factors  which  have  to  be  considered 
beyond  those  which  affect  the  foliage-leaves,  and  this,  apart  from  what  is 
involved  in  inclusion  within  the  seed  and  the  probably  consequent  relation- 
ships of  correlation. 

Cotyledons  may  serve  as — 

I.  Protective  Structures.  They  act  in  this  way  to  the  stem-bud,  not 
only  during  its  rest  in  the  bud  but  frequently  also  during  the  germination 
(Fig.  266).  In  this  connexion  we  have  in  many  dicotylous  plants  the  forma^ 
tion  of  a  long  cotylar  sheath,  at  the  base  of  which  sits  a  stem-bud; 
regarding  this  we  shall  say  no  more  here,  but  the  many  remarkable  and 
somewhat  similar  relationships  of  monocotylous  embryos  will  be  discussed 
below* 

a.  Reservoirs  of  Reserve-material.    In  many  cases. 

3.  Haustoria — for  the  absorption  of  the  endosperm.  In  this  connexion 
it  may  be  noted  that  there  are  only  two  genera  of  Spermoph)^ — Gnetum 


^  See  Goebel,  Pflanzenbiologische  Schildemngen,  i  (1889)  and  ii  (189$). 
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and  Welwitschia — in  which  the  suctorial  organ  is  developed  as  an  outgrowth 
of  the  hypocotylar  segment,  independently  of  the  cotyledons.  In  other 
cases  where  we  have  a  suctorial  organ  the  cotyledons 
act  as  this,  and  in  most  cases  within  the  seed-coat, 
yet  it  sometimes  happens  that,  in  germination  after  the 
embryo  has  left  the  seed-coat,  a  portion  of  the  endo- 
sperm is  taken  along  with  it  and  is  used  outside  the 
seed.  I  found  this,  for  example,  in  a  species  of  Ster- 
culia  (Fig.  267)  in  Java,  whose  cotyledons  are  usually 
separated  by  an  intemode. 

4.  Pistons — to  push  the  seedling  deeper  into  the 
soil  in  germination.  This  occurs  especially  in  some 
Monocotyledones,  for  example  Phoenix,  whose  cotyle- 
dons are  positively  geotropic. 


;v-WA 


(i)  Diootyledones. 

Morphology  of  the  Cotyledons.  I  shall 
suppose  that  the  external  relationships  of  configura- 
tion which  are  usually  very  simple  are  known;  some 
of  the  more  interesting  cases  only  will  be  noticed.  The 
first  general  question  that  arises  is — Are  the  cotyledons 
to  be  considered  as  structures  sui  generis^  or  are  they 
only  developmental  forms  of  foliage-leaves?  The 
answer  is  affirmative  to  the  last  question,  and  for  the 
following  reasons : — 

{a)  Analogy  with  the  Pteridophyta  whose  coty- 
ledons, apart  from  their  inception,  resemble  the  primary 
leaves. 

(f))  The  fact  that  in  many  Spermophyta  the  cotyledons 
resemble  the  foliage-leaves.  Thus  the  single  cotyledon 
of  Cyclamen  resembles  in  form  the  foliage-leaves 
(Fig.  a68).  Utricularia,  Pinguicula,  Viscum,  Spergula, 
all  show  the  same  features  as  do  the  exalbuminous 
Monocotyledones  hereafter  mentioned.  In  many  plants 
which  possess  tubers,  such  as  species  of  Corydalis, 
Carum  Bulbocastanum,  Bunium  petraeum,  Aconitum 
Anthora,  and  others,  the  cotyledons  in  the  first  year  of 
the  seedling  are  the  only  assimilation-organs,  but 
usually  they  quickly  die  away — lasting  only  for  a  few 
weeks  in  many  plants,  as  in  Claytonia  perfoliata, 
Nolana  atriplicifolia,  and  others.  We  can  easily  understand  that  such 
short-lived  leaves  will  be  more  simply  constructed  than  will  be  the  'typical ' 


FlO.  366.  Leacoden- 
dron  argenteam.  Seed- 
ling  plant.  Ci,  cotyledon, 
the  other  cotyledon  has 
been  removed  Pt  line  C%. 
The  bad  of  the  stem  is 
seen  in  a  depression  of 
the  base  of  the  cotyledon. 
Wh^  root-collar,  hmit  be- 
tween bypocotyl  and  root. 
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PlO.  26fj.    Stercolia  ap.  in 
of  embryo  and  endosperm  in  li 


Garden.    1,  portion 
section ;  Co^  cotyle- 


don ;  «(atmik  of  ca«3riedon  ;  E^  the  endo«>erm,  s^deti  in  the 
figore.  2,  the  same  in  transverse  section.  Lettering  the  same. 


foliage-leaves.  In  some  annual  plants^  the  cotyledons  may  persist  until 
flowering,  as  in  Adonis  aestivalis,  Fumaria  officinalis,  Veronica  hederae- 
folia,  Melampyrum  pratense,  Urtica  urens,  Euphorbia  helioscopia ;  but, 
owing  to  their  position  at  the  base  of  the  plant,  they  are  unfavourably 
placed  for  assimilation  and  can 
do  little  in  this  way.  The  small 
size  of  the  cotyledons,  compared 
with  the  foliage-leaves,  is  a 
matter  of  correlation  *.  We 
observe  that  the  cotyledons 
are  largest  in  plants  like  Strep- 
tocarpus,  in  which  the  chief 
shoot  which  commonly  arises 
between  the  cotyledons  is  sup- 
pressed, and  we  may  express 
this  otherwise  by  saying  that 
where  the  cotyledons  are  spe- 
cially constructed  to  be  like 
foliage-leaves,  they  precede  in  development  the  stem-bud.  In  many  cases 
also,  if  the  stem-bud  be  removed,  the  cotyledons  exhibit  an  increase  in 
size  beyond  the  usual. 

The  simpler  configuration  of  epigeous  cotyledons 
is  thus  easily  understandable  from  the  biological  side. 
There  are  transitions,  however,  between  epigeous  and 
hypogeous  cotyledons,  and  the  fact  that  different  species 
of  one  genus  may  have  epigeous  and  h3rpogeous  coty- 
ledons, for  example  Rhamnus  Frangula  and  R.  cath- 
artica,  Mercurialis  perennis  and  M.  annua,  shows  that 
in  the  hypogeous  cotyledons  the  functioning  as  assimi- 
lation-organs has  only  been  given  up  at  a  late  period 
in  connexion  with  the  deposition  within  them  of  reserve- 
material,  and  that  in  consequence  of  this  they  no  longer 
reach  the  light. 

The  simplicity  of  the  configuration  of  the  cotyledons, 
compared  with  the  foliage-leaves,  we  may  consider  as  a 
phenomenon  of  arrest,  as  it  is  in  the  Pteridoph)^.  This 
arrest  is  usually  persistent,  but  in  many  cases,  as  a  few 
examples  will  show,  it  is  only  temporary.  These 
temporary  cases  are  especially  interesting,  because  they  throw  light  upon 
the  persistent  forms,  and  establish  directly  the  transition  of  the  cotyledons 
to  the  foliage-leaves. 

'  See  Winkler,  tJber  die  Keimblatter  der  dentschen  Dicotylen,  in  Verhandlungen  des  botanischen 
VereinB  der  Provinz  Brandenbmg,  xvi  (1874),  p.  16.  '  See  Part  I,  p.  206. 
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{c)  The  existence  of  all  stages  of  transition-forms  between  cotyledons 
and  foliage-leaves.  Many  cotyledons  experience  in  the  process  of  germina- 
tion only  an  increase  in  size  \  Others  exhibit  a  change  in  configuration, 
which  in  extreme  cases  like  that  of  Streptocarpus  polyanthus  ^  and  other 
species,  and  also  in  Monophyllea,  results  in  the  formation  of  a  massive 
foliage-leaf,  often  over  thirty  centimeters  long,  whilst  in  the  embryo  it  only 
possessed  a  length  of  about  half  a  millimeter.  It  need  hardly  be  men- 
tioned that  this  takes  place  by  *  intercalary '  growth,  and  we  have  here,  as 
in  the  case  of  Oenothera  mentioned  below,  only  an  extreme  illustration  of 
the  fact  ^  that  the  leaf-apex  in  most  Dicotyledones  passes  over  into  the  per- 
manent condition  at  an  early  period,  whilst  at  its  base  continued  growth 
proceeds — it  is  the  apex  which  appears  first  as  the  cotyledon.  This 
remarkable  condition  in  Streptocarpus  and  other  plants  is  connected  with 
the  fact  that  in  them  the  cotyledon  is  the  only  foliage-leaf,  and  therefore  it 
has  a  much  longer  period  of  life  than  usually  is  the  case  where  the  coty- 
ledons rapidly  die  away  and  are  replaced  by  foliage-leaves. 

Even,  however,  in  plants  in  which  foli^e-leaves  appear  later  there  are 
not  wanting  examples  of  post-embryonal  further  development  of  the  coty- 
ledons. The  Onagrarieae  furnish  some  very  instructive  examples  of  this. 
In  this  family  *  we  find  a  varying  behaviour  of  the  cotyledons.  In  some 
plants  the  cotyledons  show  the  ordinary  construction,  they  are  small,  with 
entire  margins  and  a  feeble  venation,  for  example  in  Epilobium  angusti- 
folium,  Oenothera  pumila,  O.  glauca,  O.  rosea.  In  others  the  cotyledons 
show  after  germination  further  intercalary  growth  as  it  is  seen  in  Strep- 
tocarpus, and  a  portion  of  foliage-leaf  is,  as  it  were,  intercalated  in  the 
cotyledon,  and  carries  at  its  end  the  original  cotyledon ;  we  find  this, 
and  naturally  in  various  degrees,  in  Clarkia  pulchella,  Oenothera  stricta, 
O.  bistorta,  O.  macrantha,  and  others. 

Oenothera  bistorta.  Let  us  take  Oenothera  bistorta  as  an  example. 
After  the  germination  the  cotyledons  are  sessile,  and  they  have  only  a  few 
long  glandular  hairs  especially  at  their  base.  Six  days  afterwards  this  base 
is  elongated  into  the  form  of  a  stalk.  Fig.  269,  I,  shows  a  seedling  eight 
days  old,  and  the  cotyledons  are  seen  in  their  surface-view  but  otherwise 
unchanged.  The  new  intercalated  portion  visible  beneath  them  grows  sub- 
sequently into  a  narrow  leaf-surface,  provided  with  a  mid-rib  and  a  short 
leaf-stalk  (Fig.  269,  II).  In  this  condition  it  differs  from  the  primary  leaves' 
only  by  having  at  its  tip  the  original  cotyledon. 


^  Compare,  for  example,  Ampelopsis,  Part  I,  p.  145. 

'  See  Hielscher,  Anatomie  und  Biologie  der  Gattong  Streptocarpus,  in  Cohn's  Beitrage,  iii  (1879), 
p.  I.  As  regards  the  cotyledons  in  germination,  see  specially  Kiebs,  Beitrage  znr  Morphologic  'imd 
Biologie  der  Keimnng,  in  Untersnchnngen  aos  dem  botanischen  Institat  zu  Tubingen,  i  (i88i>5), 
p.  63^«  *  Sec  p.  308. 

^  See  Lnbbock,  A  Contribation  to  our  Knowledge  of  Seedlings,  London,  189a,  i.  p.  553. 
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Oenothera  shows  that  in  one  genus  we  may  have  partly  persistent 
partly  temporary  arrest  of  the  development  of  the  cotyledon,  and  we  cannot 
doubt  from  this  as  to  the  way  in  which  the  simpler  construction  of  the 
cotyledons,  compared  with  the  foliage-leaves,  has  come  about. 

The  Factors  causing  the  Configuration  of  Cotyledons. 
It  has  been  already  shown  that  we  must  in  the  first  instance  consider  in 
respect  of  this  the  enclosure  of  the  cotyledons  in  the  seed ;  further,  it  is 
probable  that  relationships  of  correlation  operate  here  as  they  do  so  often. 
A  limit  is  put  to  the  growth  of  the  embryo  by  that  of  the  embryo-sac  in 


Fig.  269.    Oenothera  btstorta.    I,  younger,  II,  older  seedling-plant.    Ci,  the  original  cotyledon ;  /,  the  inter* 
calated  portion.    After  Lobbock. 

which  it  is  enclosed,  and  the  history  of  the  development  of  the  seed  shows 
that  the  growth  of  the  embryo-sac  is  primary,  that  of  the  embryo  itself  is 
secondary,  and  therefore  we  come  to  the  question  : — How  far  is  the  form 
of  the  cotyledon  dependent  upon  the  relationships  of  space  within  the  seed? 

We  have  relatively  few  investigations  bearing  upon  this  point  Hof- 
meister  ^  was  the  first  who  took  up  the  question  of  the  relationship  of  the 
lie  of  the  embryo  to  the  space  available  for  it  in  the  embryo-sac.  Lubbock  2, 
starting  from  the  relationships  in  the  matured  seed,  has  endeavoured  to 


'  Hofmeister,  AUgemeine  Morphologic  der  Gewachse,  Leipzig,  1868,  i.  p.  620. 
*  Lubbock,  A  Contribution  to  oar  Knowledge  of  Seedlings,  London,  1892,  i.  p.  8. 


Digitized  by 


QjOo^^ 


406  TRANSFORMED  LEAVES 

bring  the  fdrm  of  the  cotyledons  into  relationship  with  the  conditions  of 
space,  and  he  has  thereby  arrived  at  certain  suggestive  interpretations 
which,  however,  can  only  be  placed  upon  a  sound  basis  by  investigation  of 
the  history  of  development,  because  he  has,  for  example  in  the  Caryophylleae, 
altogether  overlooked  the  difference  between  endosperm  and  perisperm,  and 
it  is  clear  that  the  conformation  of  the  latter  can  exercise  no  influence  upon 
that  of  the  embryo.  The  most  important  of  Lubbock's  statements  will  be 
noticed  below,  but  here  I  may  only  remark  that  a  consideration  of  the 
mature  seed  shows  that  the  space-relationships  do  not  operate  everywhere 
directly  in  determining  the  form — for  example,  in  embryos  which  nowhere 
come  into  contact  with  the  seed-coat.  We  should  expect  to  find  the 
influence  of  such  relationships  therefore  especially  in  seeds  which  have  no 
endosperm.  Also  if  the  history  of  development  should  show  that  the  space- 
relationships  are  not  the  direct  causal  factors  of  the  configuration  of  the 
cotyledons,  one  might  nevertheless  maintain  that  a  relation  exists  between 
them,  as  it  might  be  that  an  original  causal  connexion  existed,  but  that  in 
course  of  time  its  effects  have  become  hereditary  and  therefore  we  have  no 
longer  to  deal  with  direct  causal  phenomena  ^.  The  results  of  investiga- 
tions of  the  history  of  development  bearing  upon  this  question  have  been 
published  by  Hegelmaier  alone  ^  They  show,  for  example,  that  in  the 
Geraniaceae,  whose  cotyledons  are  convolute  ®  and  from  an  early  period 
asymmetric  the  ptyxis  begins  in  them  at  a  time  when  the  embryo  lies  still 
free  within  the  embryo-sac,  and  therefore  when  no  considerations  of  pressure 
are  operative,  and  the  asymmetric  construction  of  the  cotyledons  cannot  be 
regarded  as  the  effect  of  pressure.  I  must  refer  for  details  on  the  subject 
to  Hegelmaier's  exposition  of  it,  and  here  I  only  quote  some  of  Lubbock's 
results  amongst  the  Dicotyledones : — 

1.  Narrow  and  broad  cotyledons.  In  many  cases  the  narrow  cotyledons 
correspond  exactly  with  the  form  of  the  embryo-sac,  for  instance  in  Platanus 
and  the  Chenopodiaceae^.  The  broad  ones  may  do  the  same,  for  example,  in 
Ruellia,  Phaseolus,  Quercus.  This  is  not  the  case  however,  everywhere  and 
Lubbock,  in  speaking  of  the  narrowness  of  the  cotyledons  in  Galium  saccharatum, 
says  that  their  form  enables  them  to  be  more  easily  withdrawn  firom  the  hard 
testa. 

2.  Asjonmetrio  cotyledons.  These  are  found  in  a  number  of  Geraniaceae, 
for  example.  Geranium  pratense,  G.  cicutarium,  G.  Robertianum,  species  of  Ero- 
dium,  in  the  Leguminosae,  and  in  the  Polygonaceae,  for  example  Polygonum 


^  See  what  is  said  Part  I,  p.  217. 

'  Hegelmaier,  Uber  Orientinug  des  Keimes  im  Aogiospermensamen,  in  Botanische  Zeitnng, 
liii  (1895),  p.  143;  id.,  Uber  convolutive  Cotyledonen,  in  Bcrichte  der  deutschcn  botanischen 
Gesellschaft,  xyii  (1899),  p.  lai. 

»  See  Part  I,  Fig.  67. 

^  Lubbock  does  not  recognize  the  presence  of  perisperm  in  tliis  fiEuniljr. 
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Fagopyrum,  P.  emarginatum,  and  others.  Lubbock  refers  the  asymmetry  of  the 
Geraniaceae  to  the  folding  within  one  another  of  the  cotyledons.  The  smaller  half 
of  each  cotyledon  is  the  inner  one.  But  Hegelmaier's  investigations  quoted  above 
show  that  the  influence  here  is  not  a  direct  one.  In  Polygonum  Fagopyrum  *,  also, 
the  asymmetry  of  the  cotyledons  begins  early  at  a  time  when  their  margins  are 
still  far  away  from  the  seed-coat  and  the  furthered  lateral  half,  which  may  either 
be  the  right  or  the  left— using  these  words  in  a  like  sense  for  each  cotyledon — 
one  is  always  involute  and  over-lapping  whilst  the  smaller  is  always  revolute 
and  overlapped.  What  takes 
place  in  the  Leguminosae  re- 
quires further  investigation,  at 
any  rate  the  asymmetric  form 
of  the  cotyledon  corresponds 
here  with  that  of  the  seed. 

3.  Lobed  and  emar- 
ginate  ootyledons.  The 
emargination  of  the  cotyle- 
dons at  their  anterior  end 
corresponds  in  many  cases 
to  the  thickening  of  the 
seed-coat,  or  it  may  be  of 
the  fruit-wall,  for  instance,  in 
Quercus,  Impatiens,  Urtica. 
In  many  Cruciferae,  such  as 
Raphanus  and  Sinapis,  the 
terminal  depression  of  the 
cotyledon  facilitates  their 
ptyxis',  and  so  also  may 
the  lobing  of  the  cotyledons 
of  Tilia  (Fig.  270)  facilitate 
their  packing  in  the  seed,  as 
Lubbock  explains.  But  in  my  view  we  must  also  consider  here  that  by  the  develop- 
ment of  the  lobes  the  absorptive  power  of  the  cotyledons  as  haustoria  is  increased. 
They  have  the  somewhat  hard  endosperm  to  dissolve  and  to  bring  the  material  it 
contains  into  the  embryo.  The  case  of  Myristica  fragrans  shows  that  as  a  matter  of 
foct  the  division  of  cotyledons  stands  in  relation  to  their  haustorial  function '.  In  this 
plant  the  endosperm  is,  as  is  well  known,  ruminate^  that  is  to  say  infoldings  of  the  seed- 
coat  produce  a  brown  marbling  in  it  The  cotyledons  of  the  somewhat  small  embryo 
increase  in  germination  considerably,  divide  in  correspondence  with  the  infoldings 
of  the  seed-coat,  and  when  dissected  out  appear  to  be  lobed  like  a  coronet  The 
single  lobes  which  have  apical  growth  force  themselves  into  the  endosperm.    It 


PlO.  aTa     Tilia  panrifoUa.     Embryo  diaiected  oat  of  the  seed. 
Magnified  15. 


*  Labbock,  A  Contribution  to  our  Knowledge  of  Seedlings,  London,  189a,  i.  p.134. 
'  With  regard  to  Convolvnlni  and  otben,  tee  Lubbock,  op.  dt. 

'  See  Tschirch,  Physiologische  Stndien  iiber  die  Samen,  insbesondere  die  Sangoigane  deraelben, 
in  Annales  dn  Jardin  botaniqne  de  Bnitenxorg,  \x  (1891),  p.  143. 
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is  quite  evident  that  here  the  lobes,  which  are  only  formed  in  germination,  have 
a  relation  to  their  function  as  suctorial  organs.  Similar  cases  will  be  described  in 
Monocotyledones. 

(a)  Monocotyledones  ^ 

Stages  of  Differentiation  of 
Cotyledon.  The  simplest  case  of  the 
cotylar  configuration  is  to  be  found  in 
the  embryos  of  exalbuminous  Mono- 
cdtyledones.  It  has  been  stated  above* 
that  the  leaf  of  Monocotyledones  is  usually 
only  difTerentiated  into  lamina  and  sheath, 
and  this  we  find  also  in  the  cotyledon,  for 
example  in  the  Juncagineae,  Butomeae, 
Alismaceae,  and  elsewhere.  The  coty- 
ledon becomes  green,  and  does  not  differ 
in  form  and  structure  essentially  from  the 
first  foliage-leaves,  although  its  anatomical 
differentiation  is  usually  somewhat  sim- 
pler'. The  lamina  as  in  ordinary  leaves 
appears  as  the  direct  continuation  of  the 
sheath.  This  d^free  of  difTerentiation  of 
the  cotyledon  we  may  designate  as  the 
first  and  most  primitive  *.  We  distinguish 
in  the  cotyledon  the  lamina  and  thesAealA 
which  invests  the  but  slightly  developed 
stem-bud. 

From  the  first  stage  a  second  is  dis- 
tinguished by  the  further  development  of 
the  sheath.  There  is  now  developed  not 
only  the  lateral  parts  of  the  lamina,  but 
more  particularly  there  is  also  an  out- 
growth upon  the  upper  side  of  theprimor- 
dium  of  the  leaf,  such  as  we  have  seen  in  the  development  of  many  axillary 
stipules  and  ligules ;  and  further  the  completely  ensheathing  sheath  has  grown 
up  at  its  base  as  an  outgrowth,  so  that  the  stem-bud  is  surrounded  by  an 
oblique  upwardly  directed  ringwall  formed  by  the  cotyledon. 


PiO.  ari*     Dracaena,   indiviMi. 


Seedling 


elant     The   cotylar  tip,  which  acts  as 


lanstoriam,  and  ii  enclosed  in  the  teed  in  the 
ire  to  the  left,  it  marked  bv  a  dotted  line  in 
fignre  to  the  ri^ht  of  an  older  seedling.    It 


figure  to  the  left,  is  marked  bv  a  dotted  line  in 
the  fignre  to  the  right  of  an  older  seedling, 
becomes  more  or  less  green.    Natural  size. 


^  See  Klebs,  Beitiiige  zur  Morphologie  nnd  Biologie  der  Keimong,  in  Uatersnchimgen  ans  dem 
botanischen  Institot  zu  Ttibiagen,  i  (i  88 1-5),  p.  536.  '  See  p.  399. 

'  Anatomical  details  are  giyen  by  Schlidnim,  Morphologischer  und  anatomischer  Vergleich  der 
Kotyledonen  nnd  ersten  Laubblatter  der  Keimpflanzen  der  Monokotylen,  in  Bibliotheca  Botanica, 
XXXV  (1896). 

*  See  Klebs,  op.  cit. ;  Tschirch,  Phydologische  Stndien  iiber  die  Samen,  insbesondere  die  Sang- 
organe  derselben,  in  Annoles  da  Jardin  botaniqne  de  Baitenzoig,  ix  (1891);  Celakovsk^,  Uber  die 
Homologien  des  Grasembryoe,  in  Botanische  Zeitnng,  Iv  (1897),  p.  141. 
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In  the  next  stage  we  see  the  sheath  still  more  developed  and  further 
separated  from  the  upper  part  of  the  cotyledon  which  in  some  degree  appears 
as  its  appendage. 

These  three  stages  are  connected,  on  the  one  hand,  with  the  size  which 
the  stem-bud  reaches  before  or  during  the  germination,  and,  on  the  other  hand, 
with  the  changes  which  the  cotyledon  passes  through  in  losing  gradually  its 
leaf-nature  and  finally  becoming  entirely  a  haustorium,  functionally,  but  not 
morphologically,  resembling  the  suctorial  organ  of  the  embryo  of  Gnetum 
and  Welwitschia.  The  stronger  development  which  the  cotyledon  as  a 
haustorium  has  already  attained  in  the  seed  is  connected,  on  the  one  hand, 
with  the  richness  of  development  of  the  endosperm,  and, 
on  the  other,  with  the  relative  rapidity  with  which  the 
process  of  germination  has  to  be  passed  through.  That 
the  cotylar  sheath  may  take  on,  besides  its  protec- 
tive work,  other  functions  also,  will  be  shown  in  the 
examples  cited  below.  It  must  be  remembered,  how- 
ever, that  there  are  many  transitions  between  the 
different  t)rpes,  and  they  are  especially  conditioned  by 
the  varying  strength  of  the  claims  upon  the  cotyledon 
as  a  haustorium  in  endospermous  seeds. 

EPIGEOUS   COTYLEDONS.  FlO.  vja,    Seedlinfl;  of 

nnknown     monocotyloaa 

We  shall  consider  in  the  first  instance  cases  in  J^iedoL"'^  *^tiie*  ^v 
which  the  epigeous  cotyledon  becomes  green.  It  then  ^.^^^^it^i^l 
behaves  as  it  does  in  seeds  which  have  got  no  endo-  j^J  ^"^i  ^**^ 
sperm,  only  that  its  tip  serves  as  a  suctorial  or^n  in  Ig2^th£ntet"i'th^ 
varying  degree,  either  temporary  or  permanent.  In  Ti^L^tS^i.^^tir'**^ 
Dracaena  (Fig.  ^71)  the  end  of  the  cotyledon  remains 
enclosed  in  the  seed  as  a  haustorium.  If  it  is  set  free  from  the  seed-coat 
it  becomes  green  less  intensively,  no  doubt,  than  the  rest  of  the  cotyledon, 
from  which  it  also  differs  in  anatomical  structure.  Other  Liliaceae,  like 
Allium  and  Hyacinthus,  also  Agave  and  other  plants,  behave  in  this  manner. 

The  seedling  represented  in  Fig.  2*]%y  which  belonged  to  an  unknown 
monocotylous  plant,  probably  a  species  of  Allium,  shows  an  interesting 
case^ : — The  whole  cotyledon  is  not  devoted  to  the  formation  of  a  foliage- 
leaf;  its  upper  part,  the  thin  portion  on  the  right  of  the  figure,  the  tip  of 
which  fimctions  as  a  suctorial  organ,  remains  thin  and  thread-like  and  dies 
away  later,  whilst  the  lower  portion,  the  thicker  portion  on  the  l^ft  of  the 
figure,  becomes  an  almost  cylindric  foliage-leaf,  whose  relatively  short  sheath 
invests  the  stem-bud.    It  is  very  striking  to  note  that  the  persistent  part  of 


^  The  seedlings  appeared  in  a  pot  in  which  Australian  seeds  were  growing,  but  they  all  died  off 
early,  and  a  certain  determination  of  their  afiinity  could  not  be  made. 
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the  cotyledon  has  grown  out  slightly  beyond  the  thread-like  transitory  portion 
from  the  point  where  they  are  joined  in  a  knce-Iike  bend.  This  outgrown 
portion,  directed  downwards  in  the  figure,  forms  subsequently  the  '  tip '  of 

the  cotyledon,  and  acts  as  a  boring- 
organ;  the  thread-like  portion,  the 
real  upper  part,  appears  in  conse- 
quence to  be  lateral. 

HYPOGEOUS  COTYLEDONS. 

In  hypogeous  cotyledons  the 
whoU  cotylar  lamina,  excepting  the 
swollen  haustorial  tip,  not  infre- 
quently develops  into  a  thread-like 
body  like  that  in  the  embryo  just 
described,  and  it  serves  chiefly  as  a 
conducting-path  for  the  food-material 
taken  up  by  the  haustorium  ;  at  the 
same  time,  by  its  great  elongation,  it 
facilitates  the  changes  of  position  of 
the  seedling  plant. 

The  cotyledon  is  thus  differen- 
tiated into  three  parts  of  different 
form  and  different  function:  —  (i) 
the  haustorium^  (a)  the  middle  par- 
don ^,  (3)  the  sheath. 

These  parts  appear,  for  example, 
in  the  seedling  of  Tradescantia 
virginica,  which  is  shown  in  Fig.  273, 
III.     The  haustorium  is  still  within 


FlO.  »73.  Tradescantia  Tinrinica.  Seedling  plant  in  three  stages  I,  II,  III.  Cot^  cotyledon ;  £  cotrlar  sheath ; 
M.  middle  portion ;  L.  first  fonare-leaf ;  W^  first  root:  H^  hypocotyl.  In  II  the  endosperm  is  enclosed  in  a  dotted 
line.    Magnified  6.    I  and  II  after  Gravis. 

the  seed-coat,  M  is  the  middle  portion,  and  5  is  the  sheath.  The  sheath 
has,  during  the  germination,  grown  out  to  a  considerable  extent,  and  has 
elongated  above  its  point  of  attachment  to  the  middle  portion  ;  it  protects 

^  Klebs  uses  this  term.    There  is  no  neoetsity  for  Schlickam*s  later  expression, '  oondactor.' 
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the  stem-bud  during  its  passage  through  the  soil,  and  later  it  is  ruptured. 
The  process  of  development  of  the  sheath  will  be  quite  clear  without  further 
remark  if  we  consider  the  younger  embryos.  In  the  resting  seed  shown  in 
Fig.  273, 1,  the  sheath,  5,  surrounding  the  stem-bud,  is  plainly  visible  on  the 
cotyledon ;  in  the  young  seedling  shown  in  Fig.  273,  II,  the  sheath,  5,  has 
grown  out  a  little  beyond  the  point  of  its  attachment  to  the  middle  portion, 
M,  which  has  elongated;  in  the  older  seedling  shown  in  Fig.  ^73,  III,  the 
sheath,  5,  has  elongated  to  a  considerable  extent,  and  is  directed  upwards  in 
a  n^atively  geotropic  manner. 

In  some  cases  the  form  of  the  cotyledon  which  acts  as  a  haustorium  cor- 
responds evidently  with  the  space-relation- 
ships in  the  seed.  This  is  seen  in  Alpinia 
nutans  \  where  the  cotyledon  is  two-Iobed, 
the  lobes  extending  as  two  processes  into 
the  sickle-like  endosperm,  as  well  as  in  Areca 
Catechu,  where  the  cotyledon,  as  in  Myris- 
tica,  forms  many  lobe-like  outgrowths  which 
penetrate  between  the  folds  of  the  ruminate 
endosperm  ^. 

Cotyledon  of  Cyperaceae.  The 
development  of  the  sheath  in  the  direction 
indicated  above  is  especially  well  seen  in 
Cyperaceae.    There  are  two  cases  : — 

{a)  In  some  of  them  it  takes  place  only 
during  the  germination^  as  is  the  case  in 
Tradescantia. 

(b)  In  others  it  occurs  earlier  and  ivithin 
the  seed  itself. 

Carex.  Carex  may  be  taken  as  an  example  of  the  first  case.  The 
embryo  lies  at  the  base  of  the  endosperm.  It  is  surrounded  (Fig.  274)  by 
the  many-layered  nitrogenous-layer  of  this,  and  the  flatly  conical  summit  of 
its  turbinate  cotyledon  touches  the  copious  starch-bearing  portion  of  the 
endosperm.  The  configuration  of  the  cotyledon  is  from  its  lie  and  its  function 
as  a  suctorial  organ — the  upper  part  swells  up  in  germination — easily  under- 
stood. The  stem-bud  on  which  the  primordia  of  two  leaves  are  visible(Fig.  275) 
in  the  figure,  is  enclosed  by  the  cotylar  sheath,  s  Sy  the  narrow  slit  of  which 
is  almost  closed.  This  sheath  develops  considerably  in  germination,  and  it 
serves  evidently,  as  in  the  grasses,  as  a  protective  investment  to  the  stem- 
bud  during  its  boring  through  the  soil ;  subsequently  it  is  burst  at  the  apex 
by  the  developing  first  leaves.    The  base  of  the  cotyledon  above  the  sheath 


Fig.  274. 


Carex  GniyaiuL    Basal  por- 
iclo) ' 


tion  of  the  endosperm  enclosing  the  embryo, 
in  longitndinal  section.  C<9,  cotyledon :  ^|, 
first  1^ ;  f ,  cotylar  sheath ;  IVM^  cap  of  the 


obliqne  tint  root.  The  embryo  is  snrronnded 
by  the  nitrognenons  layer  of  the  endosperm ; 


U  portion  of  the  starchy  endosperm  is 
indicated  by  shading. 


'  Tschirch,  Physiologische  Stadien  iiber  die  Samen,  insbesondere  die  Saugoigane  derselben,  in 
Annales  da  Jardin  botanique  de  Buitenxoig,  ix  (1891). 
'  See  the  chapter  apon  the  derelopment  of  seeds. 
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develops  into  a  very  short  middle  portion.  It  is  noteworthy  and  of 
significance  for  the  explanation  of  the  formation  of  the  organs  in  the  embryo 
of  grasses,  that  between  the  point  of  attachment  of  the  sheath  and  that  of 
the  middle  portion,  a  piece  appears  to  be  interpolated  on  the  seedling  so 
that  the  sheath  and  the  rest  of  the  cotyledon  are  separated  from  one  another 
by  an  apparent  internode  (Fig.  275,  Me).    This  piece  is  neither  the  hypocotyl 

nor  an  internode^  but  a  greatly  elongated 
node  which  may  reach  a  length  of  from  six  to 
ten  millimeters.  Celakovsk^  ^  has  named  it 
the  mesocotyU  It  is  certainly  an  unusual 
occurrence  that  two  portions  of  one  leaf- 
primordium  should  be  separated  one  from 
another  so  that  they  appear  to  spring  from 
different  parts  of  the  axis,  but  the  process 
can  be  followed  here  in  its  development,  and 
we  may  explain  it  so  far  biologically  that 
it  facilitates  the  boring  through  the  earth  of 
the  sheath  with  the  stem-bud  which  it  en- 
closes. 

The  anatomical  relationships  suit  this  ex- 
planation, and  I  shall  very  shortly  refer  to 
them  here  (see  Fig.  275)  ^  The  conducting 
bundle  which  passes  out  from  the  haustorium 
and  upper  part  of  the  cotyledon  does  not 
attach  itself  directly  to  the  vascular  bundle- 
cylinder  of  the  mesocotyl  but  runs  upwards  in 
the  cortex  of  the  mesocotyl.  Consequently  on 
tranverse  section  the  vascular  portion  of  this 
bundle,  which  is  represented  in  the  diagrammatic 
Fig.  275,  /,  by  a  wavy  line,  appears  in  an  inverted 
position,  that  is  to  say  it  is  turned  outwards. 
At  the  point  where  the  cotylar  sheath  joins  on 
to  the  mesocotyl  there  is  a  conducting  vascular 
bundle  in  which  the  vascular  portion  has  the 
normal  position;  this  bundle  bends  up  through 
the  sheath  to  its  apex  then  descends  again  through 
the  sheath,  and  is  continued  downwards,  as  the  bundle  with  inverted  xylem 
mentioned  above,  through  the  cortex  of  the  mesocotyl  into  the  upper  part  of  the 
cotyledon  ending  in  the  haustorium.  Upon  the  transverse  section  of  the  sheath 
(Fig.  275,  IT)  there  appears  to  be  but  one  vascular  bundle  which  has  two  sieve- 
portions  almost  touching  one  another  and  two  vascular  portions  lying  over  against 

*  ^elakovskf,  Ober  die  Homologien  des  Grasembryos,  in  Botanischc  Zeitung,  Iv  (1897),  p.  141. 
^  See  Van  Tieghem,  Morphologie  de  Tembryon  et  de  la  plantnle  chez  les  Graminto  et  les 
Cyp^racto,  in  Annates  des  sciences  natarelles,  s^.  8,  iii  (1897),  p.  259. 


Embryo  in  genoina. 


DiaFTammatic    /,  in  lonritndinai 
»n^    H^  haastorinm  ;  Mi^  middle  por- 


Fig.  rij^.    Carex. 
tion.     *"* 
section. 

tion  of  cotyledon ;  Me.  metocotyl  \  S. 
cotylar  theath;  Z,  foliage-leaves.  //; 
part  of  the  cotylar  sheath  in  transverse 
section  to  show  the  condnctin?  bundle. 
The  vascular  part  is  indicated  by  wavy 
lines  on  each  side  of  the  sieve-part  indicated 
by  a  straight  line.  ///,  cotylar  sheath  in 
transverse  section.  Conducting  bunoie, 
black. 
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one  another.  This  course  of  the  conducting  bundles  shows  that  the  bundle  which 
enters  the  cotylar  sheath  be- 
longs peculiarly  to  the  coty- 
ledon and  that  the  cotylar  base^ 
in  a  certain  measure,  forms  a 
cortical  investment  of  the  me- 
socotyl. 

CyperoB  altemifolius. 
In  illustration  of  the  second 
case  the  germination  of 
C)T>erus  altemifolius  may 
be  quoted.  Fig.  276,  I, 
shows  a  longitudinal  section 
through  the  embryo  in  the 
seed.  The  root,  W^  is  only 
feebly  indicated,  and  upon 
it  there  is  observed  the  re- 
mains of  the  suspensor  Et. 
The  massive  cotyledon 
shows  at  its  suctorial  end 
the  cells  already  in  a  papilla- 
form,  and  its  long  axis  does 
not  fall, as  in  Carex,in  nearly 
the  same  plane  with  the 
root,  but  makes  a  right 
angle  with  that  organ.  This 
is  due  to  the  strong  de- 
velopment of  the  cotylar 
sheath,  5,  which  completely 
invests  the  stem-bud,  and 
only  opens  to  the  outside 
by  a  narrow  slit  above  the 
point  of  the  first  foliage- 
leaf.  As  the  young  seedling 
shows  (Fig.  276,  II),  the 
sheath  develops  in  germina- 
tion also  very  greatly  in 
the  first  instance,  and  the 
elongation  of  its  zone  of 
insertion,  which  in  Fig.  276.  e„£'Wio«^.Sii1^-"^.  SSSS^.T'^fTy'rr.i.h'; 
I.  is  indicated  by  the  dotted     t'i^J^^:^i^^^„i^:^^^^^!, 

lino      frwfme     fVi^    ffn<»erk/«^f vrl  ^*»*^  ^**»c*»  imvoA  the  mesocotvL     II,  and  III,  yoang  and  older 

line,    tOrmS     tne    meSOCOtyl  .eedUng  planU.    Lettering  a*  in  I.    The  seed^sMt  is  ■ttU  attached 

«.,V.:^U  U«.:.«^o    4U-a   «.4-a«v«  Ui,<r4  to  the  lecdling.    In  II  the  cotrlar  sheath  is  not  yet  raptured.    Lu 

which  brings   the  stem-bud  .econd  leaf ;  Jfc,  me^cotyl.  'All  magnified.        ^        ^ 
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above  the  soil,  where  finally  the  cotylar  sheath  is  ruptured  at  its  tip 
(Fig.  276,  III). 

SoirpuB  laonstris.  A  further  example  of  this  second  case  amongst  the 
Cyperaceae  is  furnished  by  Scirpus  lacustris  (Fig.  277).  In  general,  we  may 
say  that  the  cotylar  sheath  is  the  more  developed  in  the  seed^  the  earlier  and 
the  more  massively  it  has  to  be  developed  in  the  germination.  In  Scirpus 
lacustris  this  is  seen  in  marked  d^ree.  The  sheath  becomes  green  at  the 
tip,  and  forms  there,  apparently,  a  second  lamina — the  first  being  the  broad 
shield-like  portion  forming  the  hypogeous  haustorium,  and  lying  apparently 
over  against  the  stem-bud.  The  great  development  of  the  sheath  in  the 
seed  has  given  rise  to  misinterpretation.  The  portion  marked  a,  in  Fig.  277, 
is  by  most  authors  called  the  'radicle.'     The  root,  r,  here,  as  in  other 


FlO.  377.  Scirpus  lacDStris.  A,  embryo.  B,  seedling  plant.  C,  Cyperas  decompositns.  Embryo  in  looet* 
tndinal  section.  In  all  figores :  a,  a^,  cotylar  sheath ;  F\^  Ft^  first  leaves ;  r  primary  root ;  .St  saspensor.  A, 
magnified  75.    After  Didnchsea. 

similarly  constituted  Cyperaceae,  occupies  a  lateral  position  ^,  as  is  shown 
also  clearly  in  the  embryo  of  Carex  (Fig.  274,  Wh).  That  in  the  germina- 
tion at  first  the  stem-bud,  as  well  as  the  cotylar  sheath  develops,  is  shown 
in  Fig.  277,  B,  and  there  also  we  observe  the  strong  development  of  the 
cotylar  sheath  before  germination.  This  bears  out  what  has  been  said  above 
about  the  development  of  the  foliage-leaves*,  that  in  general,  the  parts 
which  are  most  developed  in  the  matured  condition,  are  the  first  laid  down 
as  primordia. 

The  Cotyledon  of  Grasses.  These  cases  lead  us  on  to  an 
explanation  of  the  much  discussed  formation  of  organs,  in  the  embryo  of 
grasses.  As  will  be  shown,  we  find  nothing  new  when  we  compare  the 
grass-embryo  with  that  of  the  Cyperaceae  just  described. 


^  Didrichsen,  Om  Cyperaceemes  Kim,  in  Botanisk  Tids&krift,  zix  (1894),  xzi  (1897). 
'  Sec  p.  331. 
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Let  us  see  first  of  all  what  are  the  actual  relationships  ^.  In  Fig.  278, 
we  have  a  longitudinal  section  through  the  basal  portion  of  a  grain  of  wheat. 
The  embryo  lies  at  the  base  of  the  endosperm  2,  and  it  turns  towards  the 
endosperm  a  broad  shield-like  portion,  which  since  the  time  of  Gartner,  has 
been  termed  the  scutellum,  sc ;  this  acts  as  a  suctorial  organ,  and  remains 
within  the  seed  in  germination.  Opposite  it  is  a  small  scale  with  no  vascular 
bundles,  which  is  termed  the  epiblast^  L  Above  it  there  follows  a  sheathing 
leaf,  with  a  narrow  slit,  which  appears  above  the  ground  in  germination, 
but  never  becomes  green ;  this  is  the  coleoptile  or  pileole^  c.  The  endo- 
genetic  primary  root,  r,  which  in  germination  breaks  through  the  peripheral 
layer  of  tissue,  coleorrhiza^  cl^  requires  here  no  further  description.  I  may 
only  say  that  the  hypocotyU  hp^  is 
scarcely  formed  in  the  grasses,  as  the 
body  of  the  embryo  is  almost  entirely 
used  for  the  laying  down  of  root. 

The  morphological  explanations 
that  have  been  given  of  these  organs 
may  be  grouped  as  follows: — 

1.  The  cotyledon  is  not  a  leaf- 
organ.  We  may  put  on  one  side  the 
quite  untenable  view  of  Nageli,  that 
Uie  cotyledon  is  a  thallus-lobe. 
Hofmeister  and  others  consider  the 
scutellum  as  an  outgrowth  of  the  axis 
of  the  embryo.  But  the  history  of 
development  shows  clearly  that  the 
scutellum  arises  as  a  terminal  struc- 
ture on  the  embryo,  like  the  cotyledon 
in  other  Monocotyledones  (Fig.  282). 

2.  -The  scutellum  is  the  coty- 
ledon, and  the  epiblast  which  lies  over 
against  it,  but  is  not  present  in  all 
grasses,  is  an  arrested  second  leaf,  and  the  coleoptile  is  the  third  leaf. 

This  view  is  supported  by  the  following : — 

(a)  Between  the  coleoptile  and  the  scutellum,  there  is  in  many  grasses 
a  strongly  developed  *  intemode.' 

[p)  In  the  axil  of  the  coleoptile  an  axillary  bud  is  often  found. 

{c)  The  basal  part  of  the  scutellum  in  many  grasses,  for  example  Oryza 
(Fig.  281,  V),  Leersia,  and  others  (Fig.  281,  I)  develops  like  the  sheath  of 

^  These  are  most  fiilly  dq>icted  by  £.  Bruns,  Der  Grasembryo,  in  Flon,  Ixzvi  (Ers^rangsUmd 
zmn  Jahrgang  189a).    The  literature  is  dted  there. 

'  Van  Tieghem's  statement  that  the  embryo  is  completely  surrounded  by  the  nitrogenous  layer  of  the 
endosperm  is  not  tme  for  Triticnm  Tulgare.  See  Van  Tieghem,  Morphologie  de  Tembryon  et  de  la  plan- 
tule  chez  les  Graminte  et  les  Cyp^racte,  in  Annales  des  sciences  natnrelles,  s^.  8,  ill  (1897),  p.  a6o. 


PlO.  378.    Portion  ot  grain  of   wheat  in  median 
looptadinal  section.    To  the  left  the  embryo.    .S*^ 


scntellwn:  /,  lignle;  tv,  Tascnlar  supply  of  ■cnteUnm ; 
ee,   cvlinoric    epitheliom    of    scatelliim;   <;  ootylar 
h ;  /v,  vegetative  point  of  stem ;  A/,  hypocotyl ; 


Magnified  14.    Lehrb. 
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the  foliage-leaves  of  many  Monocotyledones.    It  would  therefore  be  extra- 
ordinary were  there  the  formation  of  a  second  sheath  in  the  coleoptile  *. 

3.  Scutellum  and  coleoptile  form  together  the  cotyledon,  the  epiblast 
is  not  a  leaf. 

This  view  would  bring  the  formation  of  the  organs  in  the  embryo  of 
the  grasses  into  conformity  with  that  of  the  Monocotyledones  mentioned 
above,  and  it  has  therefore  upon  comparative  grounds  great  probability. 

Let  us  now  pass  in  review  the  relationships 
between  the  embryo-plant  and  its  functions. 

Zea  Mais.  Fig.  ^79  is  the  representation 
of  a  seedling  plant  of  Zea  Mais,  seen  from  in 
front  It  has  a  chief  root,  H^  and  two  upwardly 
directed  lateral  roots,  N.  The  stem-bud  is  still 
invested  by  the  coleoptile,  5,  which  at  its  apex 
is  split  by  the  leaves  unfolding  within  it.  On 
the  transverse  section  shown  in  Fig.  280,  we 
observe  that  a  large  number  of  leaves  already 
exist,  which  are  thinner  than  is  the  coleoptile, 
and  are  also  distinguished  from  it  by  having  a 
large  number  of  veins,  whilst  the  coleoptile  has 
only  two  vascular  bundles.  The  coleoptile, 
which    by    its    want    of   chlorophyll    is   very 


PiQ.  279.  Zea  Mais.  Seed- 
ling. H.  primary  root;  G^ 
coleorrhiza:  Sc,  •cutellum; 
Ft  fruit :  i//,  mesocotyl ;  K^ 
first  noae :  S^  cotjlar  sheath 
(coleoptile);  N.  secondary 
roots.    Magnifiiea  i). 


Pig.  38a    Zea  Mais.    Seedling:  plant  in  transverse  section. 
5;  cotylar  sheath. 


markedly  distinguished    from  the  foliage-leaves*,  has  no   sclerenchyma, 

^  Tbeie  azgaments  were  to  me  conclusive  at  the  time  of  the  appearance  of  Bmns'  woik.  Bat  the 
comparative  standpoint  appears  to  me  to  be  now  all  the  more  strengthened  by  the  proof  that  in 
Streptochaete  we  have  a  grass  which  has  entirely  the  conformation  of  the  flower  that  is  'typical' 
in  Monocotyledones.  See  Goebel,  £in  Beitxag  znr  Morphologie  der  Graser,  in  Flora,  Ixxxi  (Ergan- 
zongsband  zmn  Jahrgang  1895),  p.  17,  also  Celakovskj^,  as  cited  there. 

'  It  may  become  green  in  many  grasses  if  light  of  no  great  intensity  has  access  to  it. 
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but  its  strong  turgescent  tissue  enables  it,  in  a  very  perfect  manner,  to  protect 
the  stem-bud  it  invests  as  this  bores  through  the  soil.  To  a  certain  extent 
it  prepares  the  way,  and  gives  to  the  leaves  and  the  shoot-nodes,  which  have 
intercalary  growth,  the  first  necessary  start.  This  coleoptile  sits  upon  the 
node,  marked  K^  which  is  indicated  externally  by  a  slight  swelling,  and 
below  this  is  an  '  intemode,'  Me,  which  is  negatively  geotropic.  One  sees 
further  the  scutellum,  Sc, 
upon  the  surface  of  the  fruit, 
Fy  and  at  G  we  have  the 
coleorrhiza.  The  anatomical 
relationships  here  favour  the 
view  that  the  scutellum  and 
coleoptile  are  independent 
leaves.  The  scutellum  con- 
tains at  its  point  of  insertion 
on  the  internode,  one  vascular 
bundle  which  branches  in  the 
scutellum  ;  the  coleoptile  con- 
tains two  of  these  which  are 
derived  from  the  node  K. 
The  *  internode,'  Me^  has  a 
quite  different  structure  from 
the  later  internodes.  It  has, 
not  like  them  scattered  vas- 
cular bundles,  but  a  vascular 
cylinder  enclosed  by  an  en- 
dodermis.  In  other  grasses 
the  anatomical  relationships 
correspond,  on  the  other  hand, 
with  those  of  Carex. 

Zizania  aquatiea.  In 
Fig.  a8i,  II,  we  have  the 
representation  of  a  longitu- 
dinal section,  through  the 
embryo  of  Zizania  aquatiea. 
In  the  seed  there  is  a  structure 


PlO.  a8i.    I,  Berchtoldia  broinoides.    Embryo  from  outside. 

II,  III,  IV,  Zizania  aquatiea.    II,  embryo  in  longitudinal  section. 

III,  embryo  from  outside.  IV.  embryo  in  transverse  section 
through  scutellum  and  mesocotyl.  V,  Orysa  sativa.  Almost  ripe 
embryo  from  outside.  In  all  figures :— j^^  scutellum ;  cs,  sheathing- 
base  or  ligular  formation  of  scutellum;  k^  coleoptile;  w,  root; 
«,  epiblast ;  /',  mesocotyl ;  /,  vascular  supply  in  mesocotyl ; 
V,  vegetative  point  of  stem,  j,  sheathing-leaf ;  A,  hypocoiyl; 
^  marginal  out^owth  of  scutellum.    I,  magnified  44.    V,  magni- 


lai  outgr< 

i,ii,iV. 


V,  after  Brans.    Ill,  after  Schlickum. 


which  can  be  directly  compared  with  the  features  observed  in  the  germina- 
tion of  Carex.  Between  the  coleoptile  and  the  scutellum,  a  mesocotyl 
is  developed.  In  this  there  run  two  vascular  strands,  /,  of  which  the  one 
forms  the  conducting  cylinder  of  the  mesocotyl,  the  other  coming  out  of  the 
scutellum   runs   upwards   in   the   mesocotyl  \  and   there   giving    off  two 


See  p.  413. 
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branches  which  pass  into  the  coleoptile  it  itself  joins  on  to  the  bundle  of 
the  mesocotyl. 

We  find  the  same  in  Oryza  sativa,  Phalaris  canariensis,  and  other  cases. 
Where  no  mesocotyl  exists,  the  relationships  of  the  vascular  cylinder 
in  its  course  are  essentially  the  same,  that  is  to  say,  the  scutellum  and 
sheath  stand  in  direct  connexion  with  one  another.  The  bundles  of  the 
coleoptile  may  be  considered  as  branches  of  that  which  enters  the  scutellum. 
If  the  coleoptile  is  greatly  elongated  the  arrangements  described  in  Zizania 
are  developed.  The  mesocotyl  is,  as  in  Carex,  no  internode,  but  a  node. 
Where,  as  in  Zea,  the  anatomical  relationships  diverge,  it  may  be  asked  if 
this  is  not  only  apparently  the  case.  But  even  if  in  this  species  the 
anatomical  relationships  are  really  different,  and  they  have  been  referred  to 
particularly  here  because  they  are  important,  yet 
we  cannot  come  to  any  other  conclusion  than  that 
which  is  valid  in  the  other  grasses. 

Development.  The  history  of  development, 
owing  to  the  peculiar  relationships  which  are  found 
in  the  embryos,  cannot  be  here  of  so  much  general 
significance  as  elsewhere,  yet  it  does  not  contradict 
the  explanation  that  the  coleoptile  is  an  outgrowth 
of  the  scutellum,  which  is  the  upper  part  of  the  coty- 
ledon, and  that  it  corresponds  to  the  cotylar  sheath 
of  other  monocotylous  plants.  In  Fig,  282,  a  half- 
ripe  embryo  of  Hordeum  hexastichum  is  shown. 
The  coleoptile,  5,  arises  at  the  base  of  the  scutellum, 
SCy  grasps  right  round  as  an  amplexicaul  structure,  and  now  forms  a  cup 
with  a  narrow  mouth  above,  like  the  structure  shown  in  Fig.  246,  in  the  case 
of  Caltha  palustris.  Like  the  axillary  stipule  of  Caltha,  it  serves  as  a  pro- 
tection to  the  bud,  and  aids  it  also  in  germination,  and  is  therefore  strongly 
developed.  That  the  basal  portion  of  the  cotyledon  is  also  frequently  con- 
structed in  the  sheath-form  (Fig.  281,  I,  V)  may  be  connected  with  the 
fact  that  the  coleoptile  has  here  taken  on  a  further  function.  Axillary 
stipules  may,  as  we  have  seen  above  ^,  stand  also  on  the  sheath-like  leaf-base. 
Unlike  the  ligular  formations  which  are  found  elsewhere  in  the  grasses,  the 
coleoptile  is  laid  down  early,  and  the  place  of  its  inception  is  associated 
with  the  fact  that  the  end  of  the  cotyledon  remains  as  a  haustorium  in  the 
seed. 

The  Epiblast  If  the  explanation  I  adopt  is  correct  the  epiblast  cannot 
be  a  rudimentary  leaf.  It  is  undoubtedly  a  protecting  arrangement  for  the 
embryo  like  the  ligule  of  palm-leaves  and  of  grasses,  but  whether  we  desig- 
nate it  as  a  growth  from  the  sheathing-base  of  the  cotyledon  (and  to  this 


Pig.  282.  Hordeam  hexa- 
stichnm.  Half-ripe  embryo.  &-, 
scatellam;  >?,  cotylar  theath. 
Ma^^ified. 


*  See  p.  372. 


Digitized  by 


Goo^^ 


LEAVES  AS  CLIMBING-ORGANS.     HOOK-LEAVES  419 

view  the  condition  in  Oryza  represented  in  Fig.  a8i,  V,  gives  support)  or 
explain  it  as  an  independent  formation,  appears  to  me  to  be  of  little  moment. 
At  any  rate  it  fills  the  gap  left  upon  the  outer  side  by  the  cotylar  sheath. 

C.     RETROSPECT. 

It  follows  from  the  preceding  description  that  we  fairly  understand  the 
relationship  between  form  and  function  in  the  cotyledons.  On  the  other 
hand  we  are  entirely  in  the  dark  as  to  the  conditions  for  their  configuration. 

6.     LEAVES  AS  CLIMBING-ORGANS. 

Leaves  may  be  devoted  to  the  purposes  of  climbing  in  many  ways,  some- 
times with,  sometimes  without,  a  change  in  their  original  form.  We  find  in 
Europe  amongst  plants  which  are  leaf-climbers  almost  only  those  with  leaf- 
tendrils ;  elsewhere  the  leaf- forms  are  more  manifold.  It  is  interesting  to 
see  how,  in  many  plants,  the  leaf-organs  become  devoted  to  climbing  which 
were  originally  formed  for  quite  other  'purposes.'  Drosera  macrantha, 
which  I  found  in  West  Australia,  possesses  a  thin  stem  almost  a  meter  in 
length.  Systematic  works  describe  it  as  *  twining,'  but  this  is  incorrect 
The  leaves  have  very  long  stalks  and  cling  to  shrubs  by  their  outer  ten- 
tacles, which  are  bent  back  specially  as  traps  for  insects,  and  the  leaf-surfaces 
lie  with  their  under  side  upon  the  upper  surface  of  the  twig,  a  sticky  secre- 
tion of  the  recurved  tentacles  gluing  them  firmly  to  it.  We  shall  leave  out 
of  consideration  plants  in  which  the  leaves  are  useful  in  *  scrambling,'  and 
direct  our  attention  only  to  those  whose  leaves  exhibit  a  more  or  less  far- 
reaching  transformation  either  into  hooks  or  into  tendrils. 

Leaves  as  Hooks. 

Here  we  have  leaves  or  parts  of  leaves  with  a  curved  hook-like  form, 
and  these  after  they  have  grasped  a  support  show  no  further  change. 

A.  Pteridophyta. 

Lyoopodiiun  volubile.  Lycopodium  volubile,  a  species  which  climbs 
high  up  in  the  trees  in  Java,  gives  us  an  example.  The  chief  shoots  have 
a  radial  arrangement  of  the  leaves,  and  each  of  the  leaves  grows  out  at  its 
base  over  the  point  of  attachment  It  is  thus  somewhat  peltate.  The  blunt 
basal  continuation  standing  out  from  the  surface  of  the  shoot  serves  as 
a  hook  for  climbing,  although  not  a  very  complete  one.  The  formation  of 
the  leaves  conforms  in  all  essentials  with  what  we  have  seen  in  Asparagfus 
comorensis  (Fig.  215).  The  branches  of  higher  order  do  not  form  these 
hooks  and  climb  ;  they  are  dorsiventral  shoots  like  those  of  Lycopodium 
complanatum  ^.  

»  See  Part  I,  p.  103. 
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B.     DiCOTYLEDONES. 

Stylidium  scandens  climbs  by  means  of  leaves 


Stylidium  soandens. 

with  hook-like  ends. 

Fereskia.  Many  species  of  Pereskia  develop  single  thorn-leaves  as 
hooks  for  climbing. 

Qnisqualifl  indioa.  The  features  of  Quisqualis  indica  have  already 
been  referred  to^.  Upon  the  long  shoots  the  stalks  of  well-developed  foh'age- 
leaves,  whose  lamina  has  functioned  as  a  leaf,  are  transformed  into  hooks 


Pig.  383.    Bignonia  albo-hitea.   Portion  of  shoot.   The  two  lower  leaves  are  temate,  the  two  upper  hare  a  trifid 
tendril  instead  of  the  end  leaflet.    After  A.  Mann. 

which  remain  after  the  lamina  has  fallen,  and  thus  offer  an  instructive 
example  oi  seasonal  change  of  function. 

Other  Dicotyledones  show  a  transition  from  formation  of  hooks  to 
formation  of  tendrils  :  the  lamina,  which  forms  a  curved  hook,  serves  as  an 
anchoring-organ,  whilst  the  stalk  is  a  tendril. 

Bignonia.  Many  Bignoniaceae  have  strong  claw-hooks,  for  example 
Bignonia  unguis.  These  are  less  developed  in,  for  example  Bignonia  albo- 
lutea  (Figs.  283,  284),  where  the  history  of  development,  as  in  Cobaea, 
shows  that  the  hooks  proceed  from  the  lamina  which  is  in  a  rudimentary 
condition  visible  on  young  tendrils  (Fig.  284). 

C.    MONOCOTYLEDONES. 

ABparagos  oomorensis.  The  climbing-hooks  of  Asparagus  comorensis, 
formed  from  the  under  portion  of  the  peltate  leaves,  have  been  described  2. 


*  Sec  Part  I,  p.  9. 


•  See  p.  334. 
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Palms.  The  climbing-hooks  of  the  leaves  of  many  Palms  are  larger. 
In  Chamaedorea  desmoncoides  the  pinnules  of  the  leaf  are  so  bent  back  that 
they  form  with  the  rhachis  a  very  obtuse  angle  upwards,  and  these  leaves 
act  as  hooks.  They  are,  however,  still  assimilation-organs.  But  in  the 
leaves  of  Desmoncus  (Fig.  285)  the  upper  leaf-pinnules  are  transformed  into 
hooks  which  are  climbing-organs  only.  We  can  recognize  that  they  have 
taken  origin  from  leaf-pinnules  by  the  transition-forms  that  occur.  We 
have  again  an  illustration  here  of  the  oft-recurring  series  of  transformations 
which  ends  with  complete  change  of  function  and  earlier  transformation. 

Calanius.  The  climbing-organs  of  species  of  Calamus,  the  well-known 
rotang  palm,  must  not  be  confounded  with  the  climbing- 
organs  above  mentioned.  This  palm,  which  has  climb- 
ing-organs as  much  as  ten  meters  long,  is  beset  with 
claw-like,  strongly  silicified  hooks,  which  are  not  formed 
by  a  transformation  of  leaf-pinnules  but  are  highly  de- 
veloped prickles  such  as  occur  in  species  of  Rubus  and 
elsewhere.  The  long  axis  which  bears  these  claws  is 
either  a  transformed  inflorescence  or  springs  from  the 
elongated  rhachis  of  the  leaf. 

Leaves  as  Tendrils. 

A.    DiCOTYLEDONES. 

Only  in  relatively  few  cases  do  we  find  leaves 
combining  the  function  of  assimilation-organs  and  of 
tendrils  without  a  change  in  their  conformation,  that  is 
to  say,  there  are  parts  of  the  leaf — the  leaf-stalk  of 
Solanum  jasminoides,  species  of  Tropaeolum,  Maurandia, 
the  leaf-spindle  of  species  of  Clematis — which  are  sensi- 
tive to  contact,  and  in  consequence  of  this  are  able  to  twine  round  a  support. 
We  usually  find  that  a  division  of  labour  occurs  here,  and  that  one  part  of 
the  leaf — in  compound  leaves  the  leaflets— only  is  constructed  as  a  tendril, 
whilst  its  original  function  has  enth-ely  disappeared.  There  are  not  wanting 
examples  where  we  can  observe  this  process  developing  in  a  single  plant. 

Corydalis  olaviotilata.  Of  special  interest  in  this  respect  is  Corydalis 
claviculata,  which  has  been  described  by  Darwin  ^  and  in  which  we  observe 
a  gradual  transformation  of  the  leaf  into  a  tendril.  In  the  juvenile  condi- 
tion the  plant  bears  ordinary  leaves,  and  all  the  leaflets  of  the  bipinnate 
leaf  are  also  formed  as  leaves.  In  the  following  leaves  the  upper  part  of  the 
leaf,  or  leaf-spindle,  becomes  thinner  and  longer  than  the  lower  part,  and 
the  pinnules  of  the  leaflets  which  sit  on  this  portion  which  is  elongated 
like  a  tendril  become  reduced  in  size,  often  so  far  as  to  be  no  longer 


Fig.  284.  Bipionia  ml- 
bo>latea.  Yonngr  tendril. 
At  the  end  of  each  branch 
of  the  tendril  a  radimen- 
tary  leaf-lamina  ia  laid 
down.  Slifhtly  magnified. 
After  A.r 


^  Darwin,  The  Movements  and  Habits  of  Climbing  Plants,  5th  thousand,  London,  1891,  p.  lai. 
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visible,  and  we  thus  have  all  stages  between  them  and  normal  leaves.    Not 

infrequently  on  all  the  terminal  leaflets  of  the  leaf  every  trace  of  pinnule 

disappears,  and  leaflets  appear  then  as  complete  tendrils. 

AdlumlA  drrhosa.  We  find  the 
same  thing  in  Adlumia  cirrhosa.  In  it 
the  leaf  is  constructed  as  a  tendril  only 
in  its  upper  part ;  below  it  is  not  sensitive 
to  contact.  In  the  tendril-portion  of  the 
leaf  the  lamina  of  the  leaflets  is  greatly 
reduced  although  it  is  still  visible.  It 
is  the  stalk  of  the  leaflets  which  serves  as 
the  climbing-organ. 

Ck>ba6a  soandens.  What  is  visible 
in  these  plants  to  the  naked  eye  may 
be  seen  in  others  if  we  follow  the 
developmental  history  as  it  was  first 
traced  in  Cobaea  scandens  ^.  The  effec- 
tive tendrils  of  this  plant  are  formed 
out  of  the  end-portion  of  the  pinnate 
leaves.  The  tendril-branches  are  at 
their  end  provided  with  small  curved 
claws,  by  means  of  which  the  shoot  of 
Cobaea  is  able  to  climb  for  great  dis- 
tances over  tree-stems,  rocks,  and  like 
objects.  The  history  of  development  (see 
Figs.  a86,  287)  shows  that  these  claws, 
which  are  very  small,  are  vestiges  of 
reduced  or  transformed  laminae  of  leaf- 
lets, and  the  tendrils  are  the  leaf-stalks. 
The  development  of  the  arms  of  the 
tendrils  entirely  conforms  to  that  of 
the  leaflets  in  the  earliest  stages,  only 
in  the  formation  of  the  tendrils  in  the 
upper  part  of  the  leaf  a  richer  branch- 
ing sets  in,  and  the  laminar  primordia  of 
the  leaflets  is  arrested  very  early.  The 
same  thing  is  seen  in  species  of  Bignonia 
(Figs.  283,  284)  and  of  Eccremocarpus. 
The  tendrils  do  not,  however,  in  all  cases  proceed  from  leaf-stalks 

or  the  stalks  of  leaflets.     They  may  be  formed  by  the  early  elongation  of 


Fig.  385.    Desmoocns  sp.    Leaf.    Transition 
of  leaf-pinnnles  into  hooks.    Much  reduced. 


^  See  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pianzcnorgane,  in  Schenk's  Handbtich 
der  Botanik,  iii  (1884),  P*  43i;  ^'  Mann,  Was  bedentet  <  Metamorphose '  in  der  Botanik?  Inang. 
Dissertation,  Miinchen,  1894. 


Digitized  by 


Goo^^ 


TENDRILS  OF  CUCURBITACEAE 


423 


the  primordium  of  the  whole  leaf,  or  of  a  portion  of  a  leaf,  and  then  the 
inception  of  a  blade  may  no  longer  be  visible.  This  is  what  takes  place,  so 
for  as  my  investigations  extend,  in  the  Leguminosae,  Cucurbitaceae,  and 
Tropaeolum  tricolorum  ^.  In  the  Leguminosae,  as  in  other  cases,  it  is  the 
end  of  the  leaf  which  is  transformed  into  the  tendril  \  and  in  Pisum  the  prim- 
ordium of  a  tendril  may  be  caused  to  develop  partially  as  a  foliage-leaf 
(Fig.  289)  ^  by  separation  of  all  other  leaves  and  leaflets  of  the  plant,  and 
this  is  in  correspondence  with  what  has  been  said  above  *  in  regard  to  the 
behaviour  of  kataphylls. 

Caourbitaoeae.  The  for- 
mation of  tendrils  in  the  Cucur- 
bitaceae demands  special  de- 
scription, as  it  has  been  for  long 
a  matter  of  dispute.  It  would 
be  of  no  interest  to  discuss  the 
literature  of  the  subject,  espe- 
cially as,  according  to  my  view, 
the  questions  at  issue  are  now 
settled  ^  We  find  in  the  Cu- 
curbitaceae both  simple  and 
branched  tendrik.  The  simple 
tendrils  are  the  transformed 
prophylU  of  axillary  shoots. 
For  a  long  time  these  were 
not  recognized  as  such,  because 
there  usually  appears  beside 
each  axillary  shoot  only  one 
tendril,  and  the  prophylls  in 
Dicotyledones    are    normally 

paired  right  and  left  of  the  axillary  shoot.  But  we  find  the  pair 
of  prophylls,  not  infrequently,  in  the  seedling-plant  of  the  Cucurbitaceae, 
especially  in  Benincasa  cerifera,  where  they  are  also  visible  in  older  plants ; 
in  other  Cucurbitaceae  ®  they  seem  to  be  confined  to  the  seedling-plant,  for 
example  in  Coccinia  indica,  where,  however,  they  are  retained  for  a  some- 
what long  period,  and  where  there  are,  as  also  in  Momordica  balsamina, 
transitions  between  the  prophylls  and  the  tendrils.  The  seedling-plants 
in  one  and  the  same  species  may  show  some  variation ;  sometimes  they 
have  prophylls,  sometimes  there  are  none. 


Pig.  386.  Cobaea  scandens. 
Yoan^^  leaf.  The  upper  part,  /?,  is 
being  formed  as  a  tendril,  a,  b^  f, 
leaf-pinnales ;  x^  primordinm  of 
lowermost  branch  oTtendril.  Magm> 
fied.    After  A.  Mann. 


Fig.  387.  Cobaea 
scandens.  Young  ten- 
dril formed  from  upper 
part  of  leaf.  Branches 
of  tendril  are  laid  down 
like  leaf-pinnales.  The 
stalksoftne  leaf-pinnales, 
which  are  hardly  visible 
in  the  figure,  elongate 
into  arms  of  the  tendril. 
Magnified  less  than  Pig. 
a86.    After  A.  Mann. 


^  Sec  Part  I,  p.  163.  •  See  Part  I,  p.  162. 

'  As  A.  Mann  has  shown.  Was  bedentet  '  Metamorphose '  in  der  Botanik  ?  Inaug.  Dissertation, 
Miinchen,  1894.  *  See  p.  388. 

*  Nevertheless,  erroneous  statements  are  still  repeated,  for  example  by  Lnbbock,  On  Buds  and 
Stipules,  London,  1899,  p.  214. 

*  I  have  found,  not  infrequently,  two  prophylls  on  the  seedling-plants  of  Cyclanthera. 
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Beninoasa  oerifera.  If  one  follows  the  development  of  the  embryo  of  Benin- 
casa,  one  sees  on  the  first  axillary  shoots  one  or  two,  on  subsequent  ones  always  two, 
prophylls  of  which  one  is  transformed  into  a  tendril  which  is  at  first  rudimentary ; 
occasionally  this  transformation  does  not  take  place.  There  may  be  observed  some- 
times^ in  the  juvenile  stages  of  these  tendrils  a  trace  of  the  primordium  of  a  ieaf- 
latnina^  but,  through  the  stretching  in  the  formation  of  the  tendril,  this  is  no  longer 
visible  upon  the  mature  tendril.  The  other  prophyll  is  seldom  developed  into  a 
form  like  the  foliage-leaves  (Fig.  288,  i),  it  mostly  remains  unsegmented  (although 
traces  of  segmentation  may  be  proved  in  the  history  of  development),  is  scaphoid 


Pig.  288.    Benincaaa  cerifera. 
azillant  leaf,  T.B^  with  two-armed  ten< 


'■^df5?%^, 


5,  prophyll  showins^  transition  to  a  tendril.    6,  portion  of  an 
c-J     After  A.  Mann. 


(Fig.  288,  4),  deep  green,  and  occasionally  has  an  axillary  shoot.  Branched 
tendrils  appear  at  a  later  period.  They  may  arise  in  a  similar  way  to  those  that 
will  be  presently  described  in  Cucurbita*. 

Cuoumis  sativa.  I  shall  take  next  the  case  of  Cucumis  sativa.  In  the  axil 
of  a  leaf  we  find  a  flower,  beside  it  a  vegetative  shoot,  and  beside  this  a  tendril. 
As  the  history  of  development  shows,  the  flower  is  an  axillary  shoot  of  the  foliage- 
leaf,  and  it  bears  only  one  prophyll  which  is  transformed  into  the  tendril.  This 
position  is  determined  by  the  fact  that  generally  the  anodic  side  of  the  leaf,  that 
is  to  say,  the  side  which  is  turned  to  the  vegetative  point,  if  one  imagines  the  leaves 
disposed  in  a  spiral ',  is  furthered. 


^  This,  as  I  formerly  showed,  can  be  often  seen  in  the  Cacnrbitaceae. 

'  Occasionally  one  tendril-arm  takes  the  form  of  a  foliage-leaf  or  a  flower  is  formed  upon  the 
tendril.  In  that  case  the  vegetative  point  of  the  axillary  shoot  usually  is  entirely  used  up  in  the 
formation  of  the  second  tendril-arm  (see  Fig.  aoi,  III),  which  develops  into  flower. 

'  This  assumes  that  the  leaves  are  not  inserted  quite  transversely  but  have  the  anodic  margin 
inserted  somewhat  higher.    The  axillaiy  shoot  is  not  quite  median. 
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Pilogsme  stiavis.  In  Pilogyne  suavis  we  find  that  upon  the  kathodic  side 
of  the  leaf-axil  a  tendril  also  arises  which,  however,  is  smaller  than  that  upon  the 
anodic  side  (see  Fig.  290) ;  evidently  one  axillary  tendril  is  sufficient  for  climbing, 
and  the  plant  raises  itself  up  on  its  support  like  a  gymnast  who,  freely  suspended, 
climbs  up  a  ladder  using  alternately  the  right  and  the  left  arm — just  as  in  the 
shoot-tendrils  of  Ampelopsis  the  tendril-arms  are  placed  alternately  right  and  left. 

We  must  assume  that  in  other  Cucurbitaceae  the  tendrils  are  transformed 
leaves — that  the  simple  tendrils  are  the  prophylls  of  axillary  shoots  of  which  only 
one  prophyll  is  commonly  developed,  the  other  is  wanting,  but  the  branched  tendrils 
are  shoots  which  bear  leaves 
transformed    into   tendrils. 
The  reasons  for  this  expla- 
nation   are    developmental 
and  as  follows: — 

(a)  We  see  that  the 
tendrils  belong  to  the  axil- 
lary shoot  beside  which  they 
stand. 

{b)  In  the  seedlings  we 
can  follow  frequently  the 
appearance  of  the  prophylls, 
and  in  Benincasa  a  prophyll 
is  often  present  beside  the 
tendril  in  the  mature  plant. 

(^)  The  developmental  history  of  the  individual  tendril  shows  in  many  cases 
clearly  the  direct  transformation  of  the  primordium  of  the  foliage-leaf  into  a  tendril : 
the  leaf-lamina  is  still  laid  down  but  only  in  a  rudimentary  condition ;  it  does  not 
develop  in  breadth ;  the  whole  tendril  grows  markedly  in  length  because  there 
is  often  an  embryonal  apical  growth  which  lasts  much  longer  than  it  does  in 
the  foliage-leaves. 

MtiUer's  Investigations.  This  explanation  of  the  tendril  of  the  Cucurbita- 
ceae does  not  quite  agree  with  that  which  has  been  recently  given  by  O.  Miiller  * 
as  the  result  of  his  anatomical  investigations.  According  to  him  in  some  Cucurbi- 
taceae which  bear  both  simple  and  branched  tendrils,  for  example  Cyclanthera 
pedata,  C.  explodens,  Thladiantha,  as  well  as  in  some  which  have  simple  tendrils 
only,  for  example  species  of  Bryonia,  Coccinia,  and  Momordica,  the  non-sensitive 
base  of  the  tendril  is  a  shoot-axis,  the  upper  portion  is  a  *  leaf-spindle " ' ;  whilst 
in  Cucumis  the  lower  part  of  the  tendril  also  has  the  structure  of  a  leaf-spindle. 
Upon  this  I  may  remark: — 

I.  Anatomical  relationship  cUone  can  never  solve  a  morphological  problem. 


the  tendriu 


A,  B,  C,  D,  B,  P,  G,  artificial  foliation  of 
In  G  the  stipnles  are  shown.    After  A.  Mann. 


PiQ.  380.    Piflom  sativom, 
idrils. 


^  O.  MQller,  Unteisuchungen  iiber  die  Ranken  der  Cucurbitaceen,  in  Cohn's  Beitriige  zur  Biologie, 
y  (1887),  p.  97.  The  literatnre  is  faultily  quoted  in  this  work,  for  instance  it  is  an  error  to  say  that 
Eichler  considered  the  cocnrbitaceoas  tendril  to  be  a  transformed  stipnle. 

'  The  author  does  not  say  what  he  means  by  this  term.  The  new  anatomical  school  is  not  fond 
of  giving  dear  morphological  definitions. 
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There  are  shoots  like,  for  example,  the  phylloclades  of  Asparagus  medeoloides, 
which  have  entirely  the  structure  of  leaves,  and  there  are  leaves  which  have  quite 
the  structure  of  shoot-axes. 

2.  In  many  of  the  plants  mentioned,  for  example  Momordica  balsamina,  there 
are  undoubtedly  transitions  between  prophylls  and  tendrils. 

3.  It  is  indeed  conceivable  that  in  the  formation  of  tendrils  *  terminal  leaves ' 
may  arise^  that  is  to  say  the  vegetative  point  of  a  shoot  may  be  used  for  the 
formation  of  a  tendril,  and  as  a  matter  of  fact  such  a  condition  appears  to  occur 


Fig.  a9a    Pilog^e  snavis.    Portion  of  shoot.    Beside  each  leaf  stand  a  developed  and  an  arrested  tendril. 

in  the  formation  of  the  branched  tendrils  of  Benincasa  cerifera.  But  this  process 
can  only  be  determined  for  certain  upon  a  basis  of  careful  developmental  and 
comparative  investigation,  which  is  indeed  less  easy  than  the  popular  riband- 
sectioning  anatomy. 

An  experimental  *  foliation '  of  the  tendrils  of  the  Cucurbitaceae  has  not  yet 
been  achieved. 

Cuourbita.  We  find  spirally  branched  tendrils  in  Cucurbita.  Here  we  have 
to  do  with  an  axillary  shoot  of  the  simple  tendril,  which  itself  is  concrescent 
with  its  axillary  shoot,  and  this  axillary  shoot  brings  forth  a  number  of  leaves 
which  are  developed  as  tendrils. 
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The  tendrils  of  the  garden  cucumber  consist  of  a  stalk  and  a  series  of  arms 
radiating  from  its  apex.  We  may  call  them  compound  tendrils.  The  arms  are 
really  arranged  in  a  spiral  upon  the  stalk,  and  not  infrequently  this  spiral  position 
is  exposed  by  the  elongation  of  the  intemodes  of  the  stalk,  and  one  finds  then 
single  tendrils  at  the  base  of  the  stalk.  In  the  seedling  the  elongation  of  the 
stalk  from  which  the  tendrils  spring  is  suppressed  at  first,  and  it  is  clear  that 
the  stalk  is  of  advantage  in  order  to  raise  up  the  tendrils  as  far  as  possible 
and  thus  facilitate  their  getting  hold  of  the  support.  Each  tendril-arm  is  a  trans- 
formed leaf,  but  the  stalk  which  bears  the  tendrils  is  a  shoot-axis.  On  the 
compound  tendrils  which  I  have  studied,  each  tendril-arm  has  an*  axillary  bud 
which  not  infrequently  develops  into  flower,  and  in  individual  cases  the  stalk 
of  the  compound  tendril 
became  a  shoot  on  which 
the  tendrils  in  its  upper 
part  passed  into  leaves 
— often  in  such  a  way 
that  only  one-half  of 
the  leaf-lamina  was  de- 
veloped, whilst  the  other 
part  was  wanting  •  and 
the  middle  portion  of  the 
leaf  was  elongated  be- 
yond the  leaf-surface  in 
the  form  of  a  small  ten- 
dril. Usually,  however, 
the  vegetative  point  of 
the  shoot-axis,  on  which 
the  tendrils  are  inserted, 
is  arrested  after  their 
inception  and  they  grow 

out  apparently  radiating  from  one  point.  That  the  stalk  of  the  tendrils  together 
with  the  tendrils  is  not  to  be  considered  as  a  single  leaf  is  clear.  We  do  not 
know  of  spirally  arranged  shoots  upon  a  leaf,  and  besides  the  construction  of 
the  perfect  tendril,  as  we  know  it  in  the  cases  described  above,  shows  that  it 
has  nothing  to  do  with  such  a  configuration. 

Zanonieae.  The  relationships  in  the  Zanonieae  are  not  at  all  clear.  In 
the  year  1885  I  concluded,  from  investigations  previously  made  in  Java,  that 
dichotomously  branched  tendrils  occur  here  and  that  the  two  arms  become 
anchoring-disks  (Fig.  291,  I),  whilst  the  lower  part  becomes  coiled  subsequently. 
On  the  seedling  the  primary  leaves  are  reduced  to  small  scales.  In  the  axil  of 
each  of  the  two  lowermost  leaves  there  is  found,  at  least  at  first,  a  resting-bud 
with  two  prophylls.  Further  up  a  two-armed  tendril  occurs  in  each  leaf-axil,  and 
its  arms  swell  out  without  any  stimulus  of  contact  into  anchoring-disks  (Fig.  291). 
Beside  the  tendril  is  an  axillary  bud.  Between  the  two  arms  of  the  tendril  no 
vegetative  point  is  visible. 


PlO.  391.  Zanoniamacrocarpa. 
The  axillant  leaves  have  fallen  " 
showing  a  tendril  and  a  bad 


carpa.  L  portion  of  a  shoot  with  azillanr  tendrils, 
en  off.  II,  portion  of  shoot  of  a  seedung  plant, 
in  the  axil  of  the  leaf.    I,  reduced. 
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Teratologioal  phenomena.  Teratological  phenomena,  which  are  not  in- 
frequent, especially  in  cultivated  Cucurbitaceae,  must  be  interpreted  with  care. 
Darwin  mentions  a  case  from  Holland  in  which  one  of  the  short  prickles  of 
the  fruit  had  apparently  grown  out  into  a  tendril  In  reality  a  tendril  was  here 
concrescent  with  the  fruit 

B.    MONOCOTYLEDONES. 

In  Monocotyledones  tendrils  are  rare. 

Smilax.    The  tendrils  of  Smilax  have  been  already  mentioned  ^. 

Gloriosa  and  Littonia.  In  Gloriosa  and  Littonia  the  narrow  apex  of 
the  simple  leaf  acts  as  a  tendril  ^.  It  is  laid  down  at  a  very  early  period, 
and  one  might  consider  it  as  a  transformed  forerunner-tip.  As  for  the  con- 
jecture which  has  been  advanced  that  the  leaf-lamina  here  is  transformed 
into  a  tendril,  and  the  leaf-base  which  gradually  passes  into  the  tendril  is 
grown  out  in  the  same  way  as  has  that  in  Nepenthes,  there  is  neither 
evidence  in  the  history  of  the  germination,  nor,  so  far  as  I  know,  any  other 
ground  whatever  for  it. 

The  Factors  Causing  Transformation  into  Tendrils.  The 
manner  in  which  the  transformation  into  tendrils  of  leaves  or  parts  of  leaves 
takes  place  is  evident  from  what  I  have  said.  What  we  want  to  know  now 
is  what  factors  come  into  consideration  in  the  formation  of  tendrils  and  cause 
a  strong  transformation  of  the  leaves.  That  the  leaf-surface  should  be 
the  more  reduced  the  longer  the  tendril,  is  quite  clear,  as  is  also  the  advan- 
tage which  accrues  from  the  elongated  form  in  the  way  of  facilitating  the 
tendril  to  find  a  support ;  for  it  gives  a  wider  surface  of  grasping  and  a  longer 
sensitive  area.  In  tendrils  which  are  formed  out  of  the  stalk  of  a  leaf  in 
process  of  arrest,  one  might  refer  back  the  abortion  of  the  lamina  to  corre- 
lation, but  that  there  is  little  probability  in  this  we  have  seen,  for  the  whole 
leaf-primordium  can  stretch  into  a  tendril.  Perhaps  one  of  the  influential 
factors  to  be  considered  in  formation  of  tendrils  is  this,  that  in  leaves, 
which  were  in  the  first  instance  sensitive  to  contact-stimuli  but  were  not 
transformed  even  by  their  employment  as  climbing-organs,  destruction  of 
their  other  capacities,  assimilation  and  the  like,  took  place,  and  this 
resulted  in  a  reduction  in  the  formation  of  the  lamina,  and  the  consequent 
elongation  of  the  leaf-parts  into  a  tendril. 

7.     LEAVES   AS  THORNS. 

The  transformation  of  leaves  into  thorns  may  take  place  in  diflferent 
ways  and  in  diflferent  degrees. 

AstragaluB.     One  instance  in  which  it  takes  place  relatively  late  has 


*  Seep.  223. 

■  The  leaf  thus  resembles  the  primary  leaf  of  Lathynis  Clymenmn  (Part  I,  Fig.  99,  //). 
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been  already  mentioned  in  the  case  of  some  L^uminosae^.  Species  of 
Astragalus,  for  example  A.  horridus,  A.  Tragacantha,  and  others,  and  of 
Carragana,  which  live  in  dry  localities,  have  pinnate  leaves.  The  pinnules, 
which  possess  bilateral  construction  and  have  usually  a  profile  position  in 
nature,  fall  away,  but  the  leaf-spindle  remains  behind  and  becomes  a  thorn. 

doer  subaphyllum.  In  Cicer  subaphyllum,  another  l^uminous  plant, 
the  leaf-spindle  runs  out  into  a  hooked  thorn,  and  the  pinnules  are  also 
transformed  into  thorns  ^. 

Simple  undivided  leaves  may  also  be  transformed  into  branched  thorns 
in  another  way : — 

Berberia  Thus  in  Berberis  the  leaves  of  the  long  shoots  are  thorns. 
Transition-stages,  which  are  known,  show  that  the  leaf-lamina  becomes 
gradually  more  deeply  cut  at  the  edge  as  it  diminishes  in  breadth,  whilst 
several  of  the  marginal  teeth,  which  are  fewer  in  number  than  appear  in  the 
foliage-leaves,  develop  considerably,  and  instead  of  the  assimilation-paren- 
chyma there  is  a  dominance  of  sclerenchyma.  The  earlier  in  the  develop- 
mental stages  the  formation  of  the  thorn  sets  in,  the  more  is  the  assimilating 
tissue  reduced,  and  the  more  does  the  sclerenchyma  predominate. 

Csotaoeae.  The  transformation  of  leaves  into  thorns  is  seen  in  greater 
degree  in  many  cacti  whose  thorns  ^  have  a  varying  *  morphological  value.' 
The  thorns  are  here  usually  arranged  in  tufts  on  very  short  shoots.  The 
view,  which  I  have  expressed  elsewhere  *,  that  the  thorns  are  transformed 
leaves,  has  been  confirmed  by  the  investigations  of  Ganong  *.  We  must 
restrict  our  attention  here  to  an  exposition  of  the  formation  of  the  thorns  in 
some  of  the  Opuntieae.  In  Opuntia  arborescens,  for  example,  the  arrange- 
ment of  the  thorns  is  peculiar,  as  they  are  all  on  the  outer  side  of  the 
v^etative  point  from  which  they  shoot  out,  and  therefore  are  disposed 
dorsiventrally.  The  foliar  nature  of  the  thorns  is  evident  because  one  finds 
all  transitions  between  thorns  and  leaves,  and  they  can  even  be  artificially 
produced.  When  a  vegetative  point  of  Opuntia  ceases  to  produce  thorns 
and  b^ins  to  produce  leaves,  the  transition  is  not  a  sudden  one  but  gradual. 
After  the  last  thorn  there  comes  a  structure  which  is  leaf-like  at  the  base, 
and  then  after  that  there  is  one  which  is  more  like  a  leaf.  In  the  next 
there  appears  a  trace  of  a  vascular  bundle  and  of  an  axillary  shoot,  and  then 
comes  a  structure  in  which  only  the  apex  is  thorn-like,  and  which  possesses 


'  See  Part  I,  p.  9 ;  also  Goebel,  Beitrage  znr  Morphologie  und  Physiologie  des  Blattes,  in 
Botanische  Zeitung,  xxxriii  (1880). 

'  See  the  figure  given  by  Reinke,  Untersuchnngen  iiber  die  Assimilationsorgane  der  Legnminoseen, 
in  Pringtheim*s  Jahrbiicher,  xxx  (1897),  p.  538. 

'  Stoat  spinose  structures  which  are  the  result  of  the  transfonnation  of  shoots  or  leaves  are  tAoms 
not  prickles,  which  are  '  emergences.* 

*  See  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  p.  36. 

»  W.  F.  Ganong,  Beitrage  zur  Kenntniss  der  Morphologie  und  Biologic  der  Cakteen,  in  Flora, 
Izxix  (Erganzungsband  zum  Jahrgang  1894)1  p.  49,  where  the  older  literature  is  cited. 
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a  well-developed  axillary  bud.  Finally  there  follows  a  typical  leaf.  This 
development  can  be  artificially  induced  if  one  causes  the  vegetative  point  of 
the  short  shoot,  which  produces  thorns,  to  shoot  out  by  cutting  off  the  chief 
shoot.  That  the  base  of  the  incompletely  transformed  thorn  retains  its 
leaf-character  is  easily  explained  by  the  basipetal  development  of  the  leaf. 
The  tissue  in  this  region  is  embryonal,  whilst  at  the  apex  it  is  already 
converted  into  a  thorn.  With  regard  to  the  function  of  the  thorns  there 
can  be  no  doubt  that  they  are  protections  against  animala  I  do  not  mean 
by  that  that  the  thorns  have  been  produced  by  natural  selection,  they  may 
have  been  induced  by  the  dryness  of  the  locality.  Animals  and  men  avoid 
most  carefully  an  opuntia-bush  because  the  small  thorns  especially  are 
extremely  irritating— they  are  beset  with  recurved  hooks,  and  break  off 
very  easily  because  the  tissue  at  the  base  is,  with  the  exception  of  the 
fragile  epidermis,  disorganized. 

Citrnfl.  The  thorns  of  Citrus  and  other  genera  of  Aurantieae  are  also 
leaf-thorns.  Owing  to  their  position  they  were  formerly  considered  as 
branch-thorns.  They  are  found  more  or  less  accurately  in  the  axil  of  the 
foliage-leaves,  either  singly  or  in  pairs,  and  beside  or  between  them  lies 
a  bud  sometimes  latent,  sometimes  active.  In  reality  the  bud  is  the  axillary 
shoot,  and  its  first  leaf,  or  first  pair  of  leaves,  becomes  thorny  ^. 

8.   LEAVES  AS  NECTARIES. 

The  petals  or  stamens  are  transformed  into  nectaries  in  many  flowers, 
for  instance  in  the  Ranunculaceae  \  The  transformation  in  the  vegetative 
region  of  stipules  into  nectaries  has  been  mentioned  *. 

Caotaoeae.  The  transformation  of  the  whole  primordium  of  a  leaf  into 
a  nectary  is  as  yet  only  known  in  the  case  of  the  Cactaceae.  In  a  number 
of  species  of  Opuntia  *,  in  which  all  transitions  from  thorns  to  nectaries 
occur,  the  nectaries  are  distinguished  from  the  thorns,  apart  from  their  secre- 
tion, by  their  thickness  and  the  possession  of  a  vascular  bundle.  The  same 
may  be  observed  in  some  Mammillarieae.  One  would  not  consider  the 
turbinate  structure  which  secretes  honey  in  the  axil  of  the  mammilla  of 
Mammillaria  macrothele  and  other  species  as  a  transformed  leaf  if  the  com- 
parative history  of  development  did  not  show  that  it  was  of  this  nature. 


^  See  Urban,  Uber  die  morphologische  Bedentimg  der  SUcheln  bei  den  Aorantieen,  in  Berichte 
der  deutschen  botanischen  Gesellschaft,  i  (1883),  p.  313. 

"  See  p.  550.  »  See  p.  381. 

*  See  Ganong,  Beitrage  vox  Kenntniss  der  Morphologie  and  Biologie  der  Cakteen,  in  Flora,  Ixxix 
(Erganzongsband  zam  Jahrgang  1894),  p.  56. 
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The  shoot  develops  out  of  the  bud  in  which  the  intemodes  are  still  short 
and  the  leaves  closely  pressed  together.  Here,  under  the  protection  of 
the  older  parts,  are  the  primordia  of  the 
new  organs  upon  the  v^etative  point, 
in  the  first  place  those  of  the  leaves,  and 
next  those  of  the  lateral  shoots.  The 
formation  of  lateral  shoots  at  the  apex  of 
the  stem  is  suppressed  entirely  in  only  a 
few  plants.  We  find  this  amongst  the 
Pteridophyta  in  Ceratopteris,  where  an 
abundant  formation  of  leaf-borne  buds 
replaces  them  ;  in  Ophioglossum,  where 
there  is  a  profuse  formation  of  root- 
buds  ;  in  Isoetes,  where  leaf-borne  buds 
appear  exceptionally  (Fig.  292)  ^ ;  and 
in  the  Marattiaceae  with  tuberous  stem. 
In  many  forms  which  are  commonly 
unbranched  the  capacity  for  branching 
remains  *  latent,'  probably  because  the 
primordia  of  lateral  shoots  are  present, 
but  commonly  are  undeveloped.  This 
is  the  case  in  tree-ferns.  I  saw  Dicksonia 
antarctica  frequently  in  Australia  with 
many  'heads,'  and  the  development  of 
these  was  probably  caused  by  damage 
done  to  the  chief  axis.  Also  in  palms, 
which  except  in  the  inflorescences  do  not 
produce,  as  a  rule,  lateral  shoots,  vegetative 
branching  sometimes,  although  perhaps 
rarely,  appears.  Such  branching  is  en- 
tirely excluded  in  Welwitschia  mirabilis. 

Axillary  Branching  and  Exceptions.  The  method  of  the  branch- 
ing in  the  Pteridoph)rta  and  Spermophyta  varies  with  the  space-relationships 
of  the  leaves.  In  the  Spermophyta  axillary  branching  is  the  rule,  that  is 
to  say,  a  lateral  shoot  arises  out  of  the  axil  of  a  subtending  leaf.  This  is, 
however,  not  without  exception.     In  the  Pteridophyta,  as  in  the  Musci,  this 


Pia  j 


Isoetes  lacostris.     Lower  portion  of 


a  leaf  in  lonsritadinal  section.  Beneath  the  lednoed 
mepuporang^am,  Ma^  a  shoot,  S^t  develops  as 
a  leaf-Dorne  shoot.    Magnified 


^  See  Goebel,  Ueber  Sprossbildung  auf  Isoetes-Blattera,  in  Botanische  Zeitung,  xxxvii  (1879). 
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relationship  does  not  exist.  In  the  Lycopodineae,  for  example,  we  have  all 
transitions,  from  a  dichotomous  division  of  the  shoot-apex  to  the  formation 
of  lateral  shoots  which  are  laid  down  indeed  near  the  apex  but  are  smaller 
than  the  shoot-apex  of  the  chief  axis.  The  primordia  of  the  twigs  do  not, 
however,  stand  in  the  axil  of  the  primordium  of  a  leaf;  as  they  far  exceed 
these  in  size  each  twig-primordium  stands  over  a  great  number  of  the  leaf- 
primordia  ^.  The  lateral  shoots  in  Equisetum  too  do  not  spring  out  of  the 
axil  of  the  leaves,  but  they  alternate  with  the  teeth  of  the  leaf-sheath.  With 
regard  to  the  branching  of  the  ferns  nothing  more  can  be  said  here.  In  the 
Spermophyta  it  is  specially  dorsiventral  shoots  which  show  a  divergence  in 
position  of  the  lateral  buds  ^  Formal  morphology  has  made  many  efforts 
to  refer  back  the  branching  of  the  Spermophyta  to  one  definite  scheme. 
Pringsheim  ^  for  example,  as  the  result  of  insufficient  observations,  made  out 
the  branching  to  be  a  division  of  the  vegetative  point  of  the  shoot.  Hofmeister  * 
believed  that  the  lateral  shoots  always  stood  higher  on  the  vegetative  point 
than  the  youngest  leaves.  Nageli®  distinguished  between  *acrogenous' 
and  *  phyllogenous '  (axillary)  branching,  and  ascribed  the  latter  to  the 
Equisetaceae  and  the  Spermophyta.  There  is  really  no  such  scheme  as 
any  one  of  these.  The  branching  is  indeed  usually  axillary  but  the 
relationship  between  leaf  and  axillary  shoot  is  not  the  same  everywhere. 

Time-relationship  in  Development  of  Axillary  Shoot  and 
AxiLLANT  Leaf.  Let  us  first  of  all  consider  the  relajtionships  in  time. 
We  may,  so  far  as  I  can  see,  say  generally,  as  was  said  in  the  case  of  the 
development  of  the  leaf,  that  the  organs  which  are  earliest  unfolded  are  also 
earliest  laid  down.  Thus  the  leaf  arises  in  the  vegetative  region  usually 
much  earlier  than  its  axillary  bud®.  The  winter-buds  of  Syringa,  for 
example,  consist  of  the  leaves  laid  down  in  the  preceding  year,  and  the 
axillary  buds  of  these  leaves  are  only  laid  down  in  their  axils  as  the  btid 
unfolds ;  above  the  leaves  in  whose  axil  the  first  primordium  of  a  bud  is 
visible  one  finds  three  to  four  pairs  of  leaves  without  buds.  The  leaves 
then  are  laid  down  in  one  vegetative  period,  the  axillary  shoots  are  laid 
down  in  the  next ''.  The  axillary  shoots  proceed  from  groups  of  cells  of  the 
axis  of  the  shoot  immediately  above  the  insertion  of  a  leaf,  and  these  groups 
derived  from  the  embryonal  tissue  of  the  vegetative  point  have  retained  their 
embryonal  character,  but  only  at  a  late  period,  are  stimulated  to  a  new 


^  As  is  shown  by  tn  ezaminatioa  of  Lycopodimn  clavatum.  *  See  Part  I,  p.  90. 

•  Pringsheim,  Ubcr  die  Bildungsvorgange  am  Vegetationskegel  von  Utricularia  vulgaris,  in  Monats- 
berichte  der  Berliner  Akademie,  1869. 

*  Hofineister,  Allgemcine  Morphologic  der  Gewachse,  Leipzig,  1868,  p.  408. 

*  Nageli,  Theorie  der  Abstammnngslehre,  p.  478. 

•  Sec  Warming,  Forgreningsforhold  hos  Fanerogameme,  in  Kongelige  danskc  Vidcnskabemes 
Selskabs  Skrifter,  Raekkc  5,  x  (1873) ;  Koch,  Die  vegetative  Verzwcigung  der  hohem  Gewachse,  in 
Pringshcim's  Jahrbiicher,  xxv  (1893).    The  older  literature  will  be  found  in  these  works. 

^  In  other  trees,  for  instence  Fagns,  axillary  buds  arc  already  laid  down  in  the  winter-bud. 
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formation^  into  which  also  lower  and  already  more  differentiated  cells 
can  be  brought.  We  see  the  same  thing  in  other  cases  amongst  trees 
and  shrubs  and  in  the  seedlings  of  herbs  where,  if  one  may  so  say,  the  plant 
at  first  produces  the  necessary  leaf-apparatus  whose  formation  is  later  on 
lessened  Where,  as  in  long  shoots  of  Berberis,  the  lateral  shoots,  which 
are  leafy  short  shoots,  are  unfolded  rapidly,  they  also  appear  very  near  the 
apex.     This  also  holds  for  many  water-plants. 

In  the  inflorescence  also  of  many  plants,  for  example  Amorpha  and  Salix, 
the  leaves  nearest  to  the  vegetative  point  have  still  no  axillary  bud,  but  it 
is  more  common  to  find  in  the  flower-region  the  axillary  buds  developing 
so  early  that  they  are  the  lateral  outgrowths  of  the  axis  nearest  to 
the  vegetative  point  and  there  are  no  primordia  of  leaves  above  them, 
and  this  independently  of  whether  the  axillary  bud  arises  immediately 
after  its  subtending  leaf  as  in  Plantago,  Orchis,  and  Epipactis,  or  at 
the  same  time  with  it  as  in  the  Gramineae,  Cytisus  Laburnum,  Trifolium, 
Orchis  mascula  and  Plantago,  or  before  it  as  in  Brassica  oleracea  var.  botrytis 
and  other  Cruciferae,  Umbelliferae.  Lastly  it  may  happen  that  lateral  buds 
are  developed  without  any  trace  whatever  of  a  subtending  leaf  and  this 
takes  place  in  many  Cruciferae,  Compositae  like  Inula,  Gramineae  like 
Secale  cereale  in  the  upper  part  of  its  inflorescence.  There  is  then  in  the 
flower-region  a  hastening  in  the  formation  of  the  lateral  shoots  which  is 
often  associated  with  a  reduction  in  the  development  of  the  subtending 
leaves  and  which  may  go  so  far  that  these  may  disappear  altogether.  This 
reduction  in  some  cases,  as  in  the  Gramineae,  may  be  followed  from  below 
upwards  upon  one  and  the  same  inflorescence.  The  bracts  of  the  twigs 
of  the  inflorescence  are  most  developed  in  this  family  in  the  lower  part  of 
the  inflorescence,  where  however  they  have  but  the  form  of  short  sheath-like 
primordial  leaves  or  of  cushions,  whilst  in  the  upper  part  they  are  only 
visible  at  the  very  first  inception  of  the  lateral  twigs  and  do  not  reach  any 
further  development  or  as  in  the  case  of  Secale  cereale  are  wanting  altogether. 
We  find  the  same  in  Sisymbrium  where  the  formation  of  the  bract  is  still 
visible  at  the  base  of  the  inflorescence,  but  further  up  there  is  no  trace  of 
one.  Similarly  the  outer  flowers  in  the  umbel  of  many  Umbelliferae  have 
bracts  but  the  inner  ones  have  none.  In  these,  as  in  other  cases,  protection 
of  the  flower-bud  is  attained  in  other  ways,  in  the  Umbelliferae  for  instance 
by  the  concentrated  position  of  the  flowers  and  their  envelopment  by  leaf- 
sheaths  ^.  The  lateral  shoots,  to  which  bracts  fail,  have  the  same  origin  as  if 
these  were  present.  They  do  not  arise,  as  was  at  one  time  in  a  measure 
supposed,  by  division  of  the  vegetative  point,  of  the  chief  axis.  This  only 
happens  in  flowering  plants  occasionally  \ 

Accessory  shoots.    That  the  lateral  shoots  are  products  of  the  skoot- 


»  Sec  Part  I,  p.  59.  •  See  below,  p.  435,  for  the  case  of  VitU, 

conn,  n  p  f 
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axis  and  become  displaced  subsequently  more  upon  the  leaf-base  can  be 
clearly  seen  in  the  examples  just  mentioned,  especially  also  in  those  cases  in 
which  out  of  one  leaf-axil  fnany  shoots  arise.  This  may  either  result  from 
the  early  branching  of  an  axillary  bud  or  from  the  development  of  many 
independent  shoots  out  of  the  embryonal  tissue  of  the  shoot-axis.  In  the 
leaf-axils  of  Aristolochia  Clematitis  we  find  a  number  of  flowers  arranged  in 
two  zigzag  rows.  The  oldest  is  furthest  from  the  leaf-axil.  In  Aristolochia 
Sipho  and  Menispermum  canadense,  above  the  cotyledons  of  Juglans  r^ia, 
and  in  other  cases,  such  lateral  buds  stand  in  a  simple  row  above  the  axil. 
The  history  of  development  ^  of  Aristolochia  Sipho  and  A.  Clematitis  as  well 
as  of  Menispermum  canadense  shows  that  the  buds  in  these  rows  arise 
independently  one  from  another  out  of  the  stem-tissue.  *  The  fact  is  simply 
this,  that  in  a  leaf-axil  where  otherwise  one  shoot  occurs  the  tissue  of  the 
v^etative  point  of  the  stem  remains  long  in  the  condition  of  a  vegetative 
point  and  forms  a  number  of  buds  in  progressive  serial  succession.'  These 
shoots  then  spring  out  of  a  tissue-cushion  formed  by  the  intercalary  v^etative 
point  of  the  stem  above  the  leaf^Jbase.  Putting  on  one  side  the  case  of 
Aristolochia  Clematitis — in  which  the  upper  of  these  serial  buds  form  flowers 
whilst  the  under  form  leaf-shoots — it  may  be  noted  that  most  of  these  buds 
usually  do  not  unfold;  it  is  only  the  uppermost  one  which  develops, 
whilst  the  others  become  resting-buds  and  only  develop  if  the  chief  bud  is 
injured.  In  Juglans  regia,  for  example,  there  may  be  above  the  axil  of  the 
cotyledons  as  many  as  eight  primordia  of  shoots  and  of  these  the  uppermost 
is  the  strongest.  Not  one  of  all  these  primordia  usually  grows  out  but  they 
gradually  dry  up  and  after  some  years,  when  the  axis  has  become  thicker  and 
the  outermost  layer  of  the  rind  has  died  off"  and  split,  there  is  visible  no  trace 
whatever  of  them.  But  if  in  the  course  of  the  first  or  second  year  of  the 
existence  of  the  plant  the  end-shoot  is  destroyed  then  one  or  more  of  these 
primordia  begin  to  grow.  Gymnocladus  canadensis  behaves  in  a  like 
manner.  In  Gleditschia  sinensis  the  primordia  of  the  shoots  which  occur  in 
numbers  in  a  row  in  the  leaf-axils  behave  in  such  a  way  that  the  uppermost 
develops  into  a  thorn,  the  next  into  a  foliage-shoot,  and  those  lower  down 
either  into  foliage-leaf-buds  or  if  they  first  shoot  out  on  older  portions  of 
the  stem  they  become  thorns  *.  Many  attempts  have  been  made  to  refer 
these  cases  to  a  repeated  branching  of  one  axillary  shoot  ^,  and  sharp  limits 
between  the  two  interpretations  can  scarcely  be  drawn.  If  one  supposes 
that  the  tissue  of  the  first  axillary  shoot  has  with  its  inner  (upper)  side 

*  Goebel,  Uber  die  Verzweigung  dorsiventraler  Sprosse,  in  Arbeiten  des  botanischen  Instituts  in 
"Wiirzburg,  ii  (i88a),  p.  391.  Koch,  Die  vegetative  Verzweigung  der  hohern  Gewachse,  in  Prings- 
heim's  Jahrbiicher,  xxv  (1893),  came  to  the  same  results. 

'  See  A.  Hansen,  Veigleichende  Untersuchungen  Uber  Adventivbildongen  bei  Pflanzen,  in  Abhand- 
lungen  der  Senckenbergischen  natnrforschenden  Gesellschalt,  xii  (1881),  p.  169. 

'  See  Rnssell,  Recherches  snr  les  bourgeons  multiples,  in  Annales  des  sciences  natorelles,  s^r.  7, 
XV  (1893). 
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united  with  the  tissue  of  the  chief  axis  and  produces  upon  its  embryonal 
outer  side  a  series  of  shoots,  this  construction  would  g^ve  in  a  certain  measure 
the  scheme  of  the  axillary  branching. 

Shoot-tendrils  of  Ampelideae.  The  shoot-tendrils  of  the 
Ampelideae  have  given  rise  to  much  discussion.  They  stand  laterally  on 
the  primary  axis  without  a  subtending  leaf  in  their  developed  condition. 
Phyletically  these  tendrils  are  derived  from  terminal  inflorescences. 
They  are  pushed  to  the  side  by  the  formation  of  vegetative  lateral  shoots 
and  the  whole  construction  is  then  sympodial  ^.  The  history  of  development 
(see  Fig.  293)  has  been  examined  by  many  observers  and  shows  that  the 
tendrils  are  not,  as  one  would  expect  according  to  the  theory  just  stated, 
formed  as  the  evident  continuation  of  the  intemode  immediately  below  them 

^  ^.  y 


•    > 


^•-•i\. 


V/ 


Fig.  393.    At  Vitis  TiilpinaCodoratiMuna*).    B^  Vitis  dnerea.    /?,  tendrib;  b^  eaves.    After  A.  Mann. 

and  then  only  gradually  pushed  to  the  side  by  the  stronger  growth  of  their 
uppermost  axillary  shoot,  but  that  they  either  from  the  first  have  the  leaf- 
opposed  position  of  the  mature  condition  ^  or,  that  they  proceed  from  the 
apex  of  the  axis  itself  through  its  unequal  division,  and  in  this  way  the  other 
portion  of  the  vine  is  formed  ^.  There  occurs  in  the  plant  a  rapid  continua- 
tion of  the  vegetative  skeleton  which  finds  its  expression  in  the  behaviour  of 
the  vegetative  point ;  whether  we  speak  of  a  sympodium  or  a  monopodium 
depends  entirely  upon  what  one  chooses  to  express  by  these  terms  *. 

Foliar  origin  of  Shoots.  The  axillary  shoot  is,  as  has  been  said  ^ 
the  product  of  the  shoot-axis  in  many  cases  and  becomes  displaced  upon  the 
base  of  the  leaf.    Koch  is  inclined  to  take  this  as  the  general  rule  but  this 


^  As  this  ezplanaticD  is  found  in  all  textbooks  I  need  not  dwell  upon  it  further. 
'  As  Nageli,  Schwendener,  and  Warming  have  shown  in  Ampelopsis. 

•  As  Prillieux  and  Wanning  have  shown  in  Vitis  vulpina. 

*  According  as  one  gives  preference  to  the  phyletic  (comparative)  or  the  developmental  stand- 
point. The  assumption  that  a  branch-system  originally  laid  down  as  a  sympodium  may  become 
monopodial  is  probable  in  more  than  one  case — fern-leaf,  inflorescence  of  Boragineae,  Hyoscyamns. 
The  biological  significance  of  these  phenomena  hat  been  discussed  above,  see  p.  316. 

»  See  p.  432. 
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appears  to  me  to  be  a  by  no  means  well-founded  generalization.  There  is  no 
good  reason  why  the  primordia  of  shoots  should  not  arise  upon  the  leaf -base. 
We  see  them  in  this  position  in  many  ferns  and  in  Isoetes  (Fig,  292).  In 
Bryophyllum  calycinum  also  and  other  plants  they  occur  even  upon  the 
leaf-surface  and  there  they  always  develop  out  of  stUl  embryonal  leaf-tissue. 
Formation  of  adventitious  shoots  upon  cut  mature  leaves  is  an  extremely 
common  phenomenon.  As  has  been  already  stated  a  sharp  limit  between 
leaf-base  and  shoot-axis  does  not  really  occur.  There  is  at  any  rate  in  many 
cases  an  intimate  connexion  between  subtending  leaf  and  axillary  shoot 
which  finds  expression  especially  in  this,  that  the  axillary  shoot '  grows  up 
upon '  its  subtending  leaf — that  is  to  say,  the  common  base  of  the  two  is 
elongated.     We  find  this  in  many  Cactaceae  ^  especially  in  Mammillarieae. 

Fleshy  outgrowths  appear  in  these  plants 
upon  the  shoot-axis  and  bear  at  their  apex 
a  tuft  of  thorns  and  in  their  axils  there 
are  frequently  flowers.  These  fleshy  out- 
growths were  formerly  regarded  as  leaves  ; 
but  the  mammilla  consists  of  two  parts  * : 
first  the  lower  strong-grown  part  of  the  leaf 
which  may  be  called  the  *  leaf-cushion ' ; 
second  the  axillary  shoot  which  is  united 
throughout  its  length  with  the  upper  part 
of  the  leaf-cushion.  The  vegetative  point 
of  the  axillary  shoot  frequently  divides 
into  two  parts  which  are  later  sepaj-ated  by 
permanent  tissue — ^an  upper  part  which 
only  brings  forth  leaf-thorns,  and  an  under 
part  which  becomes  a  flower  or  a  vegetative 
axillary  shoot.  In  many  Mammillarieae 
the  flowers  arise  also  upon  the  apex  of  the 
mammillae  and  then  we  have  quite  similar  relationships  to  those  in  other 
plants  where  the  flowers  or  inflorescemes  are  leaf-borne.  We  must  not 
confuse  with  these  the  cases  where  the  flowers  are  falsely  described  as 
leaf-borne,  as  for  example  in  species  of  Limnanthemum  ^  or  in  the  case  of 
phylloclades  *. 

Epiphyllous  inflorescence.    We  find  the  inflorescence  of  some 
Dicotyledones  on  the  leaves  *  for  example  in  Helwingia  japonica,  Dulongia 

^  See  Goebel,  Pflanzenbiologische  Schildeningen,  i  (1889),  P*  79  >  Ganong,  Beitrage  znr  Kenntniss 
der  Morphologie  nnd  Biologieder  Cakteen,m  Flora,  lxxix(£rgaDzimgsband  mm  Jahigang  1894),  p.  48. 

■  Sec  Goebel,  op.  cit. 

'  See  Goebel,  Mozphologlsche  imd  biologische  Stadien :  VL  Linmanthemnm,  in  Annales  du  jardin 
botaniqae  de  Bmtenxorg,  ix  (1891). 

*  See  p.  449. 

'  See  C.  de  CandoUe,  Recherches  sur  les  inflorescences  ^piphylles,  in  M^moires  de  la  Soci^t^  de 


Fia.a94.  Mammillaria.  Diagrammatic  repre- 
sentation of  a  vegetative  point  with  forked  mam- 
millae in  longitodinal  section.  VP  vegetative 
point,  the  yoong  mammilla  to  the  right  consists 
ofleai.^,  and  its  axillary  shoot,  K,  grownup  upon 
it.  The  vegetative  pofait  of  the  axillary  shoot 
will  divide  as  the  mammilla  to  the  left  shows 
into  an  upper,  F*,  and  a  lower,  {^,  separated  by 
permanent  tissae,  F.  B.  Sys/^  leaf-bandies; 
J*.  Syst,  axillary  moot-bundles ;  5*.  Sy*ft  iiuun 
shoot  bundles.    After  Ganong. 
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acuminata  (Phyllonoma),  species  of  Chailletia,  Stephanodium  peru- 
vianum,  Polycardia  phyllanthoides,  Begonia  sinuata,  B.  prolifera,  and 
others.  In  the  most  of  these  instances  we  might  have  to  deal  with 
a  *  displacement '  of  the  bud  front  the  leaf-axil  and  a  'concrescence'  of  it 
with  the  leaf,  taking  place  in  exactly  the  same  way  as  was  described  in  the 
case  of  the  Cactaceae  and  of  Spathiphyllum  platyspatha  ^.  Such  a  con- 
crescence occurs  in  Helwingia  ruscifolia, 
where  the  inflorescence  is  laid  down 
in  the  leaf-axil.  But  in  other  cases  the 
axillary  bud  may  from  the  first  be  produced 
rather  upon  the  surface  of  the  subtending 
leaf  near  its  base.  We  find  this  in  Du- 
longia  which  is  shown  in  Fig.  295.  The 
inflorescence  arises  here  upon  the  upper 
side  of  the  leaf  below  its  *  forerunner  tip ' 
which  diffiers  from  that  of  the  other  leaves. 
There  is  no  reason  for  regarding  the  leaf 
as  a  leaf-like  twig ;  it  has  stipules  at  its 
base ;  it  had  in  the  few  cases  I  examined 
an  axillary  bud  just  like  the  mammilla  of 
the  Mammillarieae ;  and  it  has  also  the 
usual  origin  of  a  leaf.  That  the  primor- 
dium  of  the  inflorescence  appears  first  of 
all  near  the  base  of  the  leaf  corresponds 
to  the  intercalary  growth  of  the  leaf; 
the  anatomical  character  of  the  *  sterile* 
leaves  examined  by  C.  de  Candolle  does 
not  differ  essentially  from  that  of  the 
*  fertile '  leaves,  and  this  may  be  so  be- 
cause the  conducting  system  of  the  midrib 
of  the  leaf  is  sufficient  for  the  care  of  the 
small-flowered  inflorescence,  from  which 
only  one  or  two  fruits  arise,  so  far  as  her- 
barium-specimens enable  me  to  judge. 
Whether  the  peculiar  phenomenon  of  epi- 
phyllous  inflorescences  stands  in  relation- 
ship to  the  conditions  of  life  or  only  illustrates  what  has  been  designated 
by  the  beautiful  name  of  *  construction-variation '  is  unknown. 

physique  et  dliistoire  naturelles  de  Geneve,  Volume  sapplteentaire,  1891.  De  CfliidoUe*s  investi- 
gations are  inadequate  for  the  solution  of  the  question  where  the  first  itueptian  takes  place.  He 
trusts  chiefly  to  anatomy  which  is  only  of  secondary  importance  in  such  problems.  There  are  many 
transformations  in  configuration  which  find  no  expression  in  anatomy.  De  Candolle  does  not  notice 
the  instructive  features  in  the  Cactaceae. 
»  See  Part  I,  p.  55,  Figs.  23,  24. 


Pig.  395.  Dnlonsriaacaininatm,  H.B.K.  I,  leaf 
with  inflorescence.  II,  yoang  leaf  teen  from  the 
•ide.  Jf^  primordiam  of  inflorescence ;  Si^  one  of 
the  stipules  with  stalked  marginal  glands  some 
of  which  have  been  broken  oflf.  I,  magnified  2. 
II,  more  highly  magnified. 
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Adhesion  of  the  Bract.  In  the  cases  just  mentioned  the  bract  is 
predominant ;  it  is  the  most  conspicuous  part  of  the  construction  and  we  there- 
fore commonly  speak  of  the  *  adhesion  of  the  axillary  shoot '  to  its  bract. 
Quite  the  same  process  only  with  predominance  of  the  shoot  is  seen  in  the 
very  abundant  cases  of  *  adhesion  of  the  bract '  to  its  axillary  shoot.  We 
caijnot  however  here  discuss  this  condition ;  its  biological  significance  has 
not  been  investigated.  That  it  has  such  a  significance  I  do  not  doubt  as 
the  result  of  casual  examination  of  the  Solanaceae. 

Atropa.  In  Atropa  the  sjmipodially  constructed  flower-bearing  shoots 
are,  as  has  been  already  pointed  out^,  dorsiventral  and  the  position  and 


PlO.  ^.  Atropa  Belladomuu  Bud  of  iofloreacence  in  transverse  section.  / 11^  UI^  IV,  flowers.  2>,  Tll^m^ 
TiVy  Ty.  soccessive  bracts  concrescent  with  the  flower-^izes.  To  flower  /  oelong  as  propbylls  Vi  and  Til,  to 
flower  llhiAooig  Vti  and  Tlti^  to  flower  JZTbelong  Viti  and  TVk,  to  flower  7F belong  K/^and  TV. 

formation  of  the  leaves  stand  in  connexion  therewith ;  but  in  the  peculiar 
'  displacement '  which  the  leaves  obtain  by  the  *  adhesion  of  the  bract  to  its 
axillary  shoot'  we  have,  in  my  view,  an  arrangement  for  the  protection  of 
the  flower-buds.  If  we  examine  a  transverse  section  through  a  bud  of  the 
inflorescence  of  Atropa  as  we  see  it  in  Fig.  296,  we  shall  find  that  each 
flower-bud  is  protected  by  two  leaves  turned  towards  the  outer  side  of 
the  whole  inflorescence  much  more  so  than  is  shown  in  the  figure  which  is 
taken  through  the  lower  portion  of  the  older  leaves  where  the  lamina  has 
only  a  narrow  surface.  One  of  these  leaves  is  the  bract,  7",  adherent  to  the 
flower-stalk,  the  other  is  one  of  the  two  prophylls,  F,  of  the  flower. 
Seeing  that  the  bract  stands  at  about  the  same  height  as  the  prophyll  the 

»  See  Part  I,  p.  113. 
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closure  round  the  flower  towards  the  outside  is  made  possible  and  this  not 
only  affects  the  individual  flower  but  also  all  the  parts  which  lie  inside  ^. 
I  believe  that  in  this  way  it  is  possible  to  interpret,  upon  biological  grounds, 
relationships  which  have  hitherto  only  been  treated  from  the  side  of  formal 
morphology.  At  any  rate,  in  the  flower-bud,  which  is  marked  ///,  it  appears 
that  the  first  sepal  arises  in  the  position  which  is  least  protected  by  other 
parts,  an  incident  which  is  self-explanatory.  We  shall  speak  of  analogous 
cases  when  considering  the  development  of  the  flower. 

Arrested  Buds.  Of  the  lateral  buds  which  are  laid  down  it  is  only 
seldom  that  all  develop  further.  Some  are  arrested  either  at  once  if  they 
are  flower-buds  or  if  they  are  vegetative  buds  they  remain  for  some  time 
capable  of  development  and  may  under  special  conditions  such  as  loss  of 
other  shoots  enter  into  activity*.  The  branching  renders  easy  also  the 
division  of  labour  amongst  the  several  shoots,  the  more  important  diflTerent 
forms  of  which  I  must  now  refer  to. 


^  Other  Solanaceae  show  the  same  features.    In  Datura  the  adhesion  of  the  bracts  closes  the  bnd 
on  the  outride.    The  leaves  have  in  Datura,  as  in  Atropa,  a  large  '  forerunner-tip.' 
»  See  Part  I,  pp.  58  and  308. 
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C.    DIFFEBENT  CONSTBUCTION  OF  THE  SHOOT. 
DIVISION  OF  LABOUB 

Just  as  we  consider  the  foliage-leaf  to  be  the  typical  leaf  by  the  trans- 
formation of  which  the  other  leaf- forms  arise  so  we  take  the  foliage-shoot  or 
assimilation-shoot  to  be  the  typical  shoot,  and  we  can  show  that  there  may 
be  also  a  change  of  function  in  it,  and  that  therewith  is  bound  up  a  change 
in  conformation.  The  transformation  may  take  place  here  also  early  or  late. 
A  shoot  of  Pninus  spinosa,  for  example,  bears  at  first  a  number  of  foliage- 
leaves  decreasing  in  size  upwards  and  then  it  becomes  a  thorn.  It  is  first  of 
all  foliage-shoot  and  then  thorn,  and  it  is  easy  to  cause  its  further  develop- 
ment as  a  foliage-shoot  if  one  cuts  off  sufficiently  early  the  apex  of  the  shoot 
from  which  it  arises — that  is  to  say  before  the  determination  of  the  character 
of  the  twig  as  a  thorn.  The  stolons  of  Circaea  lutetiana  and  C.  alpina 
arise  in  the  ground,  are  stolons  from  the  beginning,  and  produce  only  small 
scale-leaves,  but  by  definite  influences  referred  to  below,  we  can  induce 
a  plant,  which  has  already  produced  a  number  of  leaf-pairs,  to  grow  out 
at  its  apex — that  normally  would  become  an  inflorescence — into  a  stolon 
below  the  soil.  Even  shoots,  which  are  changed  to  the  great  extent 
observable  in  the  flower-shoots,  may  in  their  earliest  stages  grow  out 
further  as  foliage-shoots,  for  example  the  female  flowers  of  Cycas.  In  other 
cases  this  takes  place  only  exceptionally  where  pathological  changes  occur. 
The  plant  takes  the  organs  which  are  necessary  first  of  all  for  its  existence, 
and  these  are  the  assimilation-organs,  and  adapts  them  to  other  functions. 

We  speak  of  the  most  important  shoot-forms  shortly  in  relation  to  their 
function,  and  this  depends  upon  the  manner  of  life  of  the  plants,  using  this 
expression  in  its  widest  sense.  Two  factors  have  specially  to  be  con- 
sidered : — 

{a)  The  relationship  of  the  reproductive  organs  to  the  vegetative 
organs. 

(b)  The  influencing  of  the  vegetative  organs  by  the  external  conditions 
of  life. 

Division  of  Labour  and  Duration  of  Shoots.  In  the  Spermo- 
phyta  the  division  of  labour  amongst  the  shoots  is  the  less  marked  the  more 
rapidly  they  proceed  to  the  formation  of  seeds,  and  it  is  plants  which  last 
during  many  vegetative  periods  interrupted  by  periodic  stages  of  rest 
before  they  produce  flower  that  have  shoot-forms  adapted  to  very  different 
functions. 

In  annual  Spermophyta  there  is  no  division  of  labour  between  the  vege- 
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tative  shcx)ts.  All  these  shoots  are  attuned  to  a  life  in  light  and  pass  finally 
all  of  them  to  the  formation  of  flower.  The  primordia  of  shoots  in  the  under 
region  of  the  plants  remain  however  often  undeveloped  or  only  develop  if 
the  nutrition  is  particularly  abundant  or  if  there  is  injury  to  the  chief  shoot. 
The  complex  shoot-formations  have  sprung  from  that  of  the  annual  plants. 
The  later  in  the  developmental  stages  the  formation  of  the  reproductive 
organs  is  undertaken,  the  more  opportunity  is  there,  as  has  already  been 
remarked  ^,  for  the  vegetative  body  to  increase  in  mass  and  to  experience 
that  division  of  labour  which  is  boimd  up  with  this. 

Among  the  Pteridophyta  there  are  relatively  few  annual  forms,  for 
instance  Anogramme  leptophylla  and  A.  chaerophylla,  Salvinia  natans,  and 
Selaginella  Drummondi  ^.  These  are  all  adapted  to  localities  in  which  there 
is  a  periodic  interruption  in  vegetation,  in  the  resting  period  the  spores  are  the 
only  things  which  are  left  over.  Where  more  uniform  conditions  of  life 
exist  annual  Pteridoph)^a  are  not  present.  The  tropical  species  of  Salvinia, 
for  example,  known  to  me  have  all  an  unlimited  existence.  The  peren- 
nating  Pteridophyta  conform  with  the  Spermoph)^a  in  the  configuration 
of  their  shoots  although  they  show  in  general  a  less  varied  adaptation  tlian 
these  do. 

Relationships  of  the  Shoots  to  their  Function.  The  doctrine 
of  the  *  succession  of  shoots,'  that  is  to  say  the  construction  of  the  plant-body 
out  of  shoots  with  different  function  and  of  different  conformation,  cannot  be 
stated  shortly  here  ^.  We  can  only  speak  in  general  of  the  relationships  of 
the  shoots  to  their  function.  This  will  be  done  in  two  sections,  the  first  one 
dealing  with  the  shoot  as  a  vegetative  organ  and  the  second  with  the  shoot 
in  the  service  of  reproduction. 

THE  SHOOT  IN  VEGETATION 

The  most  striking  differences  observable  in  vegetative  shoots  are  those 
between  epigeous  and  hypogeous  shoots;  but  there  is  really  no  sharp  dis- 
tinction to  be  made  between  them.  Yet  it  appears  to  me  better  to  treat 
of  them  separately  because  there  are  a  number  of  biological  characters  which 
are  different  in  each. 


*  See  Part  I,  p.  141. 

^  Ceiatopteris  tbalictroides  can  hardly  be  included.  It  propagates  freely  by  leaf-borne  shoots,  it 
is  like  many  other  marsh  and  water-plants  adapted  to  rapid  changes  in  environment  expressed  in  the 
short  limit  of  existence  imposed  upon  single  shoots.  It  is  not  adapted  however  to  periodic  changes 
in  environment 

*  Rannkiser,  De  Danske  Blomsterplanters  Natnrhistorie,  Bd.  i,  Kj^benhavn,  1895-9,  gives  an 
excellent  account  of  these  relationships  so  far  as  European  monocotylous  plants  are  concerned.  The 
literature  is  fully  cited. 
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I 
EPIGEOUS  (PHOTOPHILOUS)  SHOOTS 

{a)  Orthotropous  Radial  Shoots  and  their  Transformations. 

I.     ARRANGEMENT  OF  THE  LEAVES  AND   LENGTH  OF  INTERNODES. 

There  are  two  important  features  in  this  configfuration — 

1.  The  arrangement  of  the  leaves, 

2.  The  length  of  the  internodes. 

In  shoot-axes  with  elongated  internodes  the  method  of  arrangement  of 
the  leaves  within  somewhat  wide  limits  is  of  clearly  little  biological 
importance.    Whether  the  leaves  on  an  elongated  shoot  are  in  whorls  or  are 

distributed  in  the  phyllotaxy  of  J,  |,  f,  and 
so  on,  is  of  little  moment  for  the  function  of 
the  leaves,  because  they  cannot  cover  one 
another  or  shade  one  another  for  long. 

It  is  different  in  plants  with  short  con- 
traded  internodes,  and  here  there  are  fre- 
quently arrangements  by  which  the  over- 
lapping of  the  leaves  is  prevented.  Some 
examples  of  these  may  now  be  given : — 

Callitriehe.  Callitriche  (Fig.  297)  has  leaves 
in  decussate  pairs.     The  internodes  are  at  first 
elongated.    If  the  apex  of  the  shoot  of  this  water- 
Fia  297.  Callitriche  venia.  Leaf-roMtte     plant  reaches  the  surface  of  the  water  an  arrest 

from  above.    Mas^ifieda.  ^  .        ,         ,  o     »     •  . 

takes  place  m  the  elongation  of  the  internodes. 
They  remain  short  but  one  can  cause  them  to  elongate  by  submerging  the  plant  *. 
If  now  the  leaf-pairs  were  strictly  decussate  they  would  so  cover  one  another  that  only 
the  two  uppermost  pairs  would  be  exposed  to  direct  light.  This  is  avoided  by  torsion  of 
the  internode  (Fig.  297)'  and  the  well-known  'water-star*  is  formed,  the  older  leaves 
in  which  are  brought  beyond  the  younger  ones  by  the  stalk-like  elongation  of  their 
bases. 

Similar  features  are  observed  in  some  species  of  Cyperus  which  have  a  one-third 
spiral  phyllotaxy.  Figs.  298  and  299  show  the  torsion  of  the  leaf-rows.  It  is  well 
known  that  in  Pandanus  also  and  some  species  of  distichous  Aloe  like  features  are 
observed. 

It  is  clear  that  the  same  result  would  be  obtained  if  the  leaves  were  from  the 
first  spirally  arranged  with  a  higher  divergence,  and  we  find  this  in  many  species  of 
Sempervivum  and  Sedum  and  in  the  floating  leaf-rosettes  of  Trapa,  Pistia,  and  others. 


^  The  plant  at  first  endeavours  by  elongating  the  internodes  to  bring  the  leaf-rosette  to  the  surface 
of  the  water,  if  this  does  not  suffice  then  the  internodes  which  normally  would  be  short  elongate. 

'  I  leave  on  one  side  the  question  whether  there  is  not  a  divergence  from  the  decussate  position  in 
the  inception  of  the  primordia  on  the  vegetative  point. 
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Gentiana.      Plants    such   as  Gentiana  acaulis,  G.  vema,  Arnica    montana 
which    have    decussate   leaves    in   a   basal    leaf-rosette,    are    no    exception.     It 


FlO.  :i98.    Crperas  alternifoliot.    Bad  invested  by  kataphvUs  shown  in  transrerae  section.    The  tristichoiu 
arrangement  or  the  leavet  is  evident  bat  is  already  somewhat  distorted  in  the  lower  ones. 

can  be  readily  observed  in  Gentiana  acaulis,  for  example,  that  the  number  of 
leaf-pau^  at  the  base  is  vety  small,  I  have  usually  found  here  only  four  assimilating 
leaves  in  the  rosette*,  so 
that  there  can  be  no  cover- 
ing by  the  individual  leaves. 
The  species  of  Gentiana 
which  form  a  greater  num- 
ber of  leaf-pairs,  like  Gen- 
tiana lutea,  G.  asclepiadea, 
and  others,  have  elongated 
internodes.  Shoots  with 
contracted  internodes  are 
found  in  plants  of  the  most 
different  cycles  of  aflSnity ,  and 
living  under  the  most  diflfer- 
ent  conditions,  so  that  no 
general  explanation  of  this 
arrangement  can  be  given. 


Pia  2qcL    Cyperas  ahemifolias.    I,  shoot  from  above,  the  leaves  are 
dipped.    The  trutichoas  arrangement  slightly  distorted  is  indicated  by 

''     >■ II,  leaf  witn  axillary  bad.    Ill.aziUary  bad  in  trans- 

'vt.   Ill,  magnified. 


the  figures  i,  a,  3.    II,  leaf  with  axillary 
verse  section.    5*,  prophyll  swollen  ap.    1, 1 


halfnatnralsitt. 


^  If  it  were  six  the  uppermost  pair  was  very  small  and  could  only  cover  the  lower  part  poor  in 
chlorophyll  of  the  leaf-pair  below.  I  found  the  same  in  G.  vema.  The  older  etiolated  leaves, 
which  are  still  retained,  are  of  course  not  considered. 
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2.     SHORT  SHOOTS  AND  LONG  SHOOTS. 

One  of  the  most  frequent  divisions  of  labour  observed  upon  the 
vegetative  shoots,  is  that  into  sAor^  sAootssLtid  long  shoots.  This  terminology- 
is  hardly  fitting,  because  the  diagnosis  of  the  two  shoot-forms  lies  less  in  their 
length  than  in  their  significance  in  the  construction  of  the  woody  plants  in 
which  they  are  almost  exclusively  found.  The  short  shoots  take  no  share 
in  the  construction  of  the  permanent  skeleton  of  the  plant.  They  die  after 
a  comparatively  short  time.  Their  shoot-axis  does  not  branch  vegetatively 
or  form  any  mass  of  wood.  Yet  the  short  shoots  are  frequently  those  which 
produce  the  flowers,  and  this  conforms  entirely  with  the  fact  that  restriction 
of  vegetative  growth  favours  the  formation  of  flower  ^.  It  is  impossible  to 
draw  a  sharp  limit  between  long  shoots  and  short  shoots.  In  many  plants, 
for  instance  Larix  europaea,  short  shoots  may  spontaneously  grow  out  into 
long  shoots,  and  under  unfavourable  conditions  the  formation  of  long  shoots 
may  be  suppressed  for  years.  In  other  cases  the  same  result  is  brought 
about  by  the  cutting  off*  of  the  long  shoots,  even  in  cases  where  the  short 
shoots  are  so  sharply  distinguished  from  the  long  ones  as  they  are  in  species 
of  Pinus.  In  Pinus,  after  the  first  few  years  of  life  \  the  long  shoots  produce 
the  scale-leaves  only,  the  assimilation-leaves  are  limited  to  the  short  shoots 
on  which  they  appear  in  pairs,  as  in  P.  sylvestris,  or  in  greater  numbers, 
five  for  instance  in  P.  Strobus.  In  Pinus  also  the  short  shoots  may  be 
caused  to  grow  out  into  long  shoots ;  they  are  only  quantitatively,  not 
qualitatively,  different  from  them. 

Double  needles  of  Seiadopitys.  In  the  remarkable  short  shoots  of  Sciado- 
pitys  there  is  occasionally  observed  a  *  continuation  of  growth  '.*  These  short  shoots 
are  commonly  called  daudle  fuedles.  As  a  matter  of  fact  one  sees  upon  young  just 
elongated  shoots  the  combination  of  two  *  concrescent '  needles  between  which  a 
longitudinal  furrow  is  very  conspicuous.  These  double  needles  stand  in  the  axil  of 
small  scales  upon  the  stem  and  have  therefore  the  same  position  as  the  short  shoots 
of  Pinus.  They  are  traversed  by  two  completely  separate  vascular  bundles  which  are 
enclosed  by  the  peculiar  tramfusion-tissiu  of  the  coniferous  leaf,  and  von  Mohl  *  upon 
this  basis  suggested  that  they  were  the  result  of  the  concrescence  of  the  two  first  leaves 
of  an  axillary  shoot  which  was  otherwise  arrested.  The  history  of  development  as 
published  by  Strasburger*  is  very  peculiar  and  requires,  I  think,  ftuther  proof. 
There  arises  in  the  axil  of  the  scale  the  primordium  of  an  axillary  bud  which  shows 
very  early  an  evident  median  indentation  at  the  apex,  and  this  is  still  recognizable  on 
the  matiu*e  double  needle.    According  to  Strasburger  this  whole  structure  is  the 


*  See  Part  I,  p.  aia. 

'  Regarding  juvenile  stages  see  Part  I,  p.  153. 

'  See  Carri^re's  figure  in  Gardeners*  Chronicle,  March  i,  1884,  p.  38a. 

*  Von  Mohl,  Morphologische  Betrachtongen  der  Blatter  von  Sdadopitys,  in  Botanische  Zeitong, 
xxix  (1871),  p.  loi. 

'  Strasbnrger,  Die  Coniferen  and  die  Gnetaceen,  Jena,  1873,  p.  58a. 
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primordium  of  the  double  needle.  It  grows  at  its  base  like  other  needles  after  apical 
growth  has  ceased  at  an  early  period.  The  apex  then  of  the  axillary  shoot  is  here 
used  up  in  the  formation  of  the  needles,  but  the  individual  needles  of  the  combined 
body  do  not  grow  separately  but  by  intercalary  growth  at  their  common  base.  There 
can  be  no  doubt  that  the  structure  corresponds  to  the  primordium  of  a  short  shoot 
of  Pinus,  in  which  only  two  leaf-primordia  are  laid  down,  but  the  interpretation  of  the 
double  needle  as  being  formed  out  of  two  concrescent '  leaves '  appears  to  me  Mo  be 
by  no  means  devoid  of  doubt  although  Strasburger  has  found  double  needles  both  in 
Pinus  sylvestris  and  in  Pinus  Pumilo.  We  do  not  know  the  mode  of  origin  of  these 
needles  in  Pinus.  They  might  be  the  result  of  an  actual  concrescence  of  two  needles 
whereby  the  vegetative  point  of  (he  short  shoot  remains  behind  at  the  base  and  the  needles 
are  joined  together  by  their  contiguous  sides ;  but  in  Sciadopitys  the  chief  portion  of 
the  needle  proceeds  from  the  part  of  the  axillary  bud  which  lies  below  its  vegetative 
point  Sciadopitys  affords  in  the  vegetative  region  an  example  which  has  no  parallel 
.elsewhere,  and  according  to  the  ordinary  terminology  we  must  regard  the  double 
needle  rather  as  leaf-like  twig — a  phylloclade — bearing  on  its  primordium  the  tips 
of  two  needles  as  small  points,  notwithstanding  the  anatomical  fact,  which  however 
is  not  after  all  of  much  importance,  that  we  know  elsewhere  also  phylloclades  which  in 
their  structure  resemble  leaves.  The  actual  name  we  use  is  of  less  unportance  ;  the 
fact  remains  that  out  of  the  axillary  shoot  there  proceeds  a  structure  which  in  its 
construction  resembles  two  leaves  united  by  their  edges. 

Precedence  in  Unfolding  of  Short  Shoots.  The  short  shoots 
precede  in  their  unfolding  the  long  shoots  in  most  instances  and  this  we  can 
understand  upon  biological  grounds,  because  less  energy  and  less  material  is 
required  for  them  than  for  the  long  shoots.  The  capacity  for  assimilation  also 
of  the  short  shoots  partly  comes  into  consideration.  In  Larix,  for  example, 
they  have  to  furnish  the  material  for  the  formation  of  the  long  shoots,  and 
in  plants  like  Pyrus  and  Prunus,  which  have  entomophilous  flowers,  their 
development  before  the  long  shoots  is  of  marked  advantage  for  the  exposure 
of  the  *  flag-apparatus '  of  the  flowers.  That  the  short  shoots  of  Pinus  and 
Berberis  unfold  at  the  same  time  as  their  subtending  leaves,  is  a  consequence 
of  the  transformation  of  these  leaves  into  kataphylls  and  thorns. 

Assimilating  Shoot-axes.  Shoot-axes  whose  intemodes  are  elon- 
gated may  share  in  the  work  of  assimilation  if  they  contain  chlorophyll,  but 
the  amount  of  this  is  small  and  much  behind  that  in  the  leaves.  In  numerous 
plants  we  find,  however,  that  there  is  a  reduction  of  the  leaves  accompanied 
by  an  increased  assimilation-capacity  of  the  shoot-axes.    That  we  have  here 


*  As  I  have  shown,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Hand- 
bnch  der  Botanik,  iii  (1884),  p.  316,  wh^ce  this  passage  is  taken.  Dickson,  The  phylloid  shoots  of 
Sciadopitys,  in  Jonraal  of  Botany,  iv  (1866),  regarded  the  'double  needles*  as  phylloclades.  See 
also  Bower,  in  Gardeners'  Chronicle,  March  15,  1884,  p.  346.  Also  Bertrand,  Anatomie  compar^e 
des  tiges  et  des  fenilles  chez  les  Gn^tacto  et  Conif^res,  in  Annales  des  sciences  natnrelles,  s^r.  5, 
XX  (1874). 
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a  correlation  has  been  proved  by  the  investigations  of  Boirivant*  who  found 
in  a  number  of  plants  that  the  shoot-axis  became  richer  in  chlorophyll  if  the 
leaves  were  removed.  In  Sarothamnus  vulgaris  shoot-axes  which  are  thus 
treated  have  a  palisade-parenchyma  much  more  developed  than  that  of  the 
untouched  shoot-axes.     The  connexion  between  the  removal  of  leaves 

and  the  increase  of  chlorophyll  in  the  shoot- 
axes  is  not  explained  by  this.  We  have  yet 
to  find  out,  for  example,  whether  the  shoot-axis 
would  be  constructed  as  a  stronger  assimila- 
tion-organ if  the  leaves  were  not  removed  but 
were  merely  prevented  doing  their  assimilation 
work.  We  may,  however,  assume  that  there 
is  a  direct  connexion  between  the  reduction  of 
the  leaves  and  the  formation  of  the  shoot-axis 
as  an  assimilation-organ. 

Reduction  of  Leaves  on  Assimila- 
ting Shoot-axes.  Arrest  of  the  leaves  on 
assimilating  shoot-axes  appears  very  markedly 
in  xerophilous  plants  in  which  there  is  a  gene- 
ral reduction  of  the  transpiring  surface.  We 
find  examples  of  this  in  the  most  different 
cycles  of  affinity,  as  in  the  Casuarineae,  many 
Leguminosae,  such  as  Spartium  junceum  and 
others,  amongst  the  Ranunculaceae  in  Clematis 
afoliata,  in  most  of  the  Cactaceae,  and  so  on. 
But  in  marsh-plants  also  we  have  the  same 
phenomenon,  for  example  in  the  composite, 
shown  in  Fig.  300,  which  I  found  in  a  very 
moist  marsh  in  West  Australia.  It  is  well 
known  that  many  although  not  all  marsh- 
plants  have  xerophilous  features,  but  their 
relationships  to  life-conditions  I  cannot  enter 
into  here.  Where  there  is  copious  branching 
of  the  shoot-axis  with  reduced  leaves  we  get 
the  same  result  in  the  matter  of  development 
of  surface  as  we  do  when  the  leaves  are  pre- 
sent with  less  branching,  and  amongst  our  endemic  species  of  Equisetum, 
E.  hyemale  may  be  designated  xerophilous,  but  E.  sylvaticum,  E. 
pratense,  and  E.  arvense  are  not  so.  We  must  here,  as  everywhere 
else,  consider,  besides  the  adaptation  to  external  relationships,  an  *  internal' 


Pig.  300.    Compodte  from  West  Aus- 
tralia.   Nearly  apfiylloos. 


'  Boirivant,  Recherches  sur  les  organes  de  remplacement  chez  les  plantes,  in  Annales  des  sciences 
naturellcs,  s^r.  8,  vi  (1897).    The  literature  is  cited  here,  but  very  imperfectly. 
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factor  which  conditions  the  formation  of  the  organs  but  which  does  not  allow 
us  to  regard  them  as  purely  adaptations.  Thus  amoi^st  submerged  plants 
also  there  are  some  which  belong  to  this  category — Scirpus  submersus, 
C.  Wright,  for  example,  which  I  found  in  large  masses  in  the  Tapacooma 
lake.  The  shoot-axes  of  this  plant  are  tuftedly  branched,  each  produces 
some  kataphylls  and  assumes,  what  is  a  character  of  the  short  shoots,  the 
form  of  a  cylindric  leaf  with  a  layer  of  assimilating  cells  under  the  small- 
celled  epidermis  (Fig.  301). 

Assimilating  shoot-axes  with  reduction  of  the  leaves  are  very  abundant 
in  Monocotyledones,  for  example  in  Heleocharis,  Scirpus  lacustris,  the  Res- 
tiaceae,  and  elsewhere.  The  juvenile  stages  of 
these  plants,  so  far  as  we  know  them,  have 
foliage-leaves  and  it  is  only  upon  the  elongated 
assimilating  shoot-axes  that  the  leaves  are  re- 
duced to  scale-leaves.  Perhaps  these  assimi- 
lating shoot-axes  are  really  inflorescence-axes 
— upon  which,  however,  the  flowers  often  abort. 
We  shall  have  opportunity  to  return  to  this 
subject  ^ain  when  dealing  with  phylloclades. 
The  striking  similarity  observable  between  the 
sterile  shoot-axes  of  plants  like  Heleocharis^ 
and  Scirpus  lacustris  and  the  cylindric  leaves  ofrionriootTir^i^ert?2ction.  ** 
of  Juncus — ^these  were  formerly  therefore  desig- 
nated 'sterile  culms' — and  the  fact  that  all  these  plants  live  under  essentially 
the  same  conditions  have  led  to  the  supposition  that  the  conformation  of  the 
assimilation-organs  is  utilitarian  in  both  cases.  The  leaves  of  the  species  of 
Scirpus  were  perhaps  not  in  a  condition  to  take  on  the  cylindric  form  and 
experienced,  in  consequence,  a  reduction  in  formation  with  a  corresponding 
diminution  in  function^.  In  many  of  these  Monocotyledones  it  can  be  shown 
that  the  leaf-formation  may  again  set  in  under  conditions  which  are  unfavour- 
able to  the  formation  of  assimilating  shoots,  and  we  have  here  then  essentially 
a  reversion  to  the  juvenile  stage'*.   Scirpus  lacustris*  for  example  forms  long 


^  These  consist  of  one  long  shoot-intemode  at  the  end  of  which  a  conple  of  scales  is  found  if  no 
flowers  develop.  On  the  rhizomes  there  are  kataphylls  only.  In  Cypems  altemifolins  the  elongated 
shoot-axis  bears  foliage-leaves.  Here  also  perhaps  originally  there  were  inflorescences  which  in  the 
first  developmental  stages  of  the  plant  suppressed  their  flower-formation  and  appeared  as  strengthening 
shoots.  From  the  same  standpoint  we  may  regard  the  first  still  flowerless  shoots  that  appear  above 
ground  in  Polygonatum,  Paris,  and  like  plants,  and  it  seems  to  me  this  gives  us  a  more  comprehensive 
view  of  the  construction  of  these  plants  in  which  a  process  similar  to  that  in  the  Cladonia  amongst 
the  lichens  (Fait  I,  p.  7a)  may  have  taken  place — first  of  all  the  fructification  was  raised  upon  a  stalk 
and  then  vegetative  activity  set  in  within  it 

'  See  what  is  said  about  the  formation  of  phyllodes,  p.  353. 

*  See  Parti,  p.  171. 

*  In  this  plant  the  formation  of  foliage-leaves  is  not  so  completely  limited  to  the  seedling-stage 
as  it  is  in  Heleocharis,  where,  so  far  as  I  know,  it  is  unknown  in  older  plants,  though  perhaps 
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band-like  leaves  in  deep  or  rapidly  running  water,  and  also  if  the  plant  is 
*  weakened'  by  repeated  removal  of  the  haulms.  In  Eriophorum  alpinum  also 
I  saw  leafy  foliage-shoots  develop  as  solitary  vegetative  organs  like  those 
of  the  young  plants,  upon  plants  'enfeebled'  by  unfavourable  conditions  of 
cultivation. 

Increase  of  Surface  of  Assimilating  Shoot-axes.  The  assimilat- 
ing shoot-axis  may  experience  an  increase  in  surface  in  the  most  different 
cycles  of  affinity.  This  may  be  brought  about  in  two  ways  which  however 
are  scarcely  separable  from  one  another : — 

(a)    By  the  flattening  of  the  shoot-axis.     Opuntia  illustrates  this. 

{b)  By  the  formation  of  wings.  This  is  a  consequence  of  Recurrent 
leaf-bases.'  These  are  found  on  the  shoots  of  some  plants,  like  species  of 
Symphytum,  Carduus,  which  have  not  reduced  leaves.  But  in  Genista  sagit- 
talis  ^  the  green  membranous  surface  which  is  formed  by  the  wing  of  the 
stem-internode  far  exceeds  the  total  surface  of  the  small  unse^mented 
leaves.  The  stem  in  this  species  is  still  sharply  segmented  into  intemodes, 
and  the  nodes  upon  which  the  leaves  arise  are  not  *  winged.*  Below  each 
leaf  the  intemode  is  widened  by  two  *  wings'  which  are  continuous  with  the 
leaf-surface.    The  leaves  do  not  yet  stand  in  two  rows. 

PhylloCLADES  and  Cladodes.  The  more  the  s^mentation  of  the 
nodes  and  internodes  disappears,  and  the  distichously  arranged  leaves  become 
reduced,  the  more  does  the  shoot-axis  diverge  from  its  ordinary  habit,  and 
if  at  the  same  time  it  assumes  limited  growth  it  acquires  a  striking  resem- 
blance to  a  leaf,  and  is  designated  2^  phylloclade.  This  name  is  best  reserved 
for  such  leaf-like  shoot-axes  of  limited  growth,  whilst  other  widened  axes 
may  be  called  cladodes.    The  following  are  some  illustrations : — 

Pteridophyta. 

The  Equisetaceae  and  some  Lycopodineae  especially  the  family  of  the  Psilotaceae 
supply  examples.  The  two  epiphytic  genera,  Psilotum  and  Tmesipteris,  have  no  roots 
but  root-like  shoot-axes  and  live  in  stations  where  temporary  want  of  water  can  readily 
occur.  In  the  two  species  of  Psilotum  the  leaves  are  reduced  to  small  scales  for  the 
protection  of  the  vegetative  point,  whilst  in  Tmesipteris  they  are  better  developed,  but 
by  their  vertical  position  approach  xerophilous  construction.  It  is  noteworthy  that 
in  one  species  of  Psilotum,  Ps.  complanatum,  the  shoot-axis  is  no  longer  nearly 
cylindric  but  is  flattened  in  the  way  that  we  frequently  find  it  in  Spermophyta. 

Gymnospermae '. 

The  species  of  Phyllocladus  are  low  trees  or  shrubs  which  are  endemic  in 
New  Zealand  and  Tasmania.  They  have  cylindric  chief  axes  with  spirally  placed 
leaves,  and  these  are  small  and  scale-like  soon  dry  and  fall  away.    In  their  axils  flat 

it  might  be  artificitUy  induced.  The  leaves  at  the  base  of  the  '  haulm '  often  have  a  very  short 
lamina. 

*  See  Part  I,  Fig.  124. 

'  Regarding  Sdadopitys  see  p.  444. 
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leaf-like  twigs,  which  in  their  outline  resemble  the  leaves  of  ferns,  are  developed,  and 
these  are  again  branched  but  always  in  one  plane.  Individual  branches  of  this  form 
produce  flowers.  There  is  a  d\flference 
in  these  leaf-like  twigs  between  the  struc- 
ture of  the  upper  side  and  of  the  under 
side  as  in  most  leaves.  The  under  side 
has  far  more  stomata  than  the  upper, 
whilst  the  upper  side  has  sub-epidermal 
palisade-tissue  which  is  wanting  on  the 
under  side*.  The  phylloclade-nature 
of  these  twigs  is  not  yet  fixed  here, 
because  the  stronger  ones  may  again 
grow  out  at  the  tip  into  radial  cylindric 
shoots,  whilst  those  in  which  this  does 
not  take  place  doubtless  soon  fall  from 
the  stem  like  the  short  shoots  of  Pinus, 
or  those  short  shoots  of  Larix  which  are 
not  developed  into  long  shoots. 

Monoootyledones. 

Bowiea  volubilis.  The  first 
example  to  be  noted  here  is  Bowiea 
volubilis.  The  shoot-axis  produces  long 
narrow  foliage-leaves  only  in  the  seedling- 
stage,  that  is  to  say  until  the  bulb  is 
strongly  developed.  Subsequendy  there 
develops  out  of  the  bulb  a  very  long — 
as  much  as  two  meters  in  cultivated 
examples  —  twining  chief  axis  whose 
straggling  lateral  cylindric  shoots  may 
be  recognized  as  scramblers.  The 
elongated  axis  on  which  these  cylindric 
shoots  which  are  of  limited  growth  arise 
forms  only  scale-like  kataphylls;  the 
cylindric  shoot-axes  themselves  act  as 
the  assimilation-organs.  In  the  upper 
part  flowers  appear  whose  stalks  (Fig. 
302)  have  exactly  the  same  form  as  the 
assimilating  short  shoots.  It  appears  to 
me  that  the  whole  shoot  which  springs 
firom  the  bulb  has  arisen  from  an  in- 
florescence whose  branchings  have  par- 
tially lost  the  capacity  0/ forming  flowers. 


PiO.  «».    Bowiea  ▼olnbUis.   The  flower-stallu  contain 
pbvll  and  act  as  aamniilation*or£ans.    In  the  lower 
region  of  the  plasty  and  apon  yoong  puinta,  the  flower*  are 


chloropbvl 

mgyOti  of  tuK  |M«u%|  auu  I 

at  rested.    Nataral  siie. 


^  Resembling  both  in  habit  and  in  structure  these  phylloclades  is  the  twig-system  of  Thnja, 
in  which,  however,  leaves  are  present  bat  closely  pressed^to  the  twigs. 
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and  that  in  conjunction  with  the  formation  of  assimilation-shoots  the  formation 
of  foliage-leaves  dwindled.  I  have  been  led  to  speak  of  this  liliaceous  plant  because 
it  shows  in  a  somewhat  more  primary  form  the  same  relationships  as  we  meet  with 
in  the  genus  Asparagus. 

Asparagus.  The  phylloclades  here  have  somewhat  varying  forms.  In 
Asparagus  officinalis,  for  example,  they  are  needle-like  leafless  shoot-axes  standing  in 
tufts  in  a  double  scorpioid  cyme  in  the  axils  of  the  kataphylls.  In  Asparagus 
Sprengeri  they  are  flattened*,  very  leaf-like,  but  constructed  alike  upon  both  sides. 
In  Asparagus  (Myrsiphyllum)  medeoloides  the  resemblance  in  appearance  to  a  leaf 
is  very  marked,  the  anatomical  structure  is  also  dorsiventral,  and  the  course  of  the 
vascular  bundles  conforms  to  that  of  the  leaves.  The  conjecture,  first  put  forward 
by  Kunth ',  that  the  phylloclades  of  Asparagus  proceed  from  the  stalks  of  arrested 
flowers  seems  to  me  plausible,  and  it  gives  an  explanation  also  of  their  deciduous 
character.  Such  a  sterilization  of  the  flower-stalks  and  inflorescence-axes  takes  place 
frequently  in  the  formation  of  tendrils. 

Busoiui.  Ruscus  from  which  the  genera  Semele  and  Dana£  are  separated '  has, 
on  account  of  its  phylloclades,  caused  much  discussion,  and  at  all  times,  up  to  the  most 
recent,  there  have  not  been  wanting  those  who  declared  these  to  be  leaves,  and 
especially  upon  anatomical  grounds :  the  vascular  bundles  form  a  cylinder  only  at 
the  base  of  the  phylloclade ;  they  spread  out  in  the  leaf-like  surface.  That  this  fact 
is  of  no  moment  as  against  the  morphological  facts  which  stand  as  clear  as  day  is 
evident  The  species  of  Ruscus  with  leaf-like  twigs,  such  as  Ruscus  aculeatus, 
R.  Hypoglossum,  R.  Hypophyllum,  possess  a  subterranean  rhizome  out  of  which 
annually  in  the  spring  turios  appear  above  ground.  These  shoots  bear  in  their 
lowermost  part  a  number  of  sheath-like  relatively  considerable  leaves  which  are 
usually  green  at  the  tip  *,  These  leaves  are  reduced  foliage-leaves  as  is  shown  by  the 
fact  that  Semele  androgyna  possesses  well-developed  foliage-leaves  upon  the  seedling- 
plant  '.  Askenasy  *  has  also  observed  in  Dana^  racemosa  the  interesting  anomaly 
that  some  leaves  with  a  long  stalk  and  oval  green  lamina,  like  the  leaves  of  Convallaria, 
sometimes  follow  upon  these  sheathing-kataphylls — an  appearance  which  may  be 
considered  a  reversion  to  the  leaf-form  possessed  originally  by  Ruscus  before  it  had 
phylloclades.    The  stem,  however,  usually  elongates  above  the  sheathing-leaves  and 


^  See  Reinke,  Die  Assimilationsorgane  der  Asparageen,  in  Pringsheim*s  Jahrbiicher,  xxxi  (189S) ; 
where  are  figures,  and  the  literature  is  cited.  It  may  be  noted  here  that  the  flower-stalk  in  Asparagos 
Sprengeri  is  not  flattened  but  cylindric. 

'  See  Knnth,  Enumeratio  plantanim,  Stutgardiae  et  Tubingae,  v  (1850).  Regarding  Asparagus 
(Myrsiphyllum)  medeoloides  he  says,  p.  105, '  folia  squamaeformia,  pednncnlos  1-3  fertiles,  unifloros, 
basi  bracteolatos,  supeme  noduloso-articulatos  et  unum  sterilem  foliiformem,  magis  minusve 
inaequilaterum  (cladodium)  stipantia,  saepissimc  nonnisi  hunc* 

'  In  Semele  the  inflorescences  arise  on  the  margin  of  the  phylloclade,  in  Ruscus  on  the  upper  side, 
in  Danae  they  are  separate  from  the  phylloclade. 

*  See  Schacht,  Beitrag  zur  Entwicklungsgeschichte  flachenartiger  Stammorgane,  in  Flora,  xxxvi 
(1853),  p.  457 ;  Askenasy,  Botanische  morphologische  Studien,  Frankfurt,  1S72,  p.  3 ;  Celakovsk]^, 
tlber  die  Kladodien  der  Asparageen,  in  Denkschriften  der  Bohmischen  Akademie,  1893 ;  see  also 
r/sum^  by  the  author  in  Engler's  JahrbUcher,  xviii  (1894),  Litteraturbericht,  p.  30;  Reinke,  op.  cit 

*  See  Part  I,  p.  166. 

*  Askenasy,  op.  cit,  p.  a  a. 
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produces  then  a  number  of  small  membranous  scales  which  fall  off  early  and  in  the 
axils  of  which  the  phylloclades  standi  The  apex  of  the  shoot  itself  commonly 
becomes' leaf-like.  The  whole  of  the  parts  of  a  shoot  of  Ruscus  are  already  laid 
down  when  its  apex  appears  above  ground  in  spring.  The  flowers,  or  rather  the  few- 
flowered  inflorescences,  arise  out  of  the  phylloclades,  upon  the  upper  side  in  Ruscus 
aculeatus  (see  Part  I,  Fig.  loi)  and  Ruscus  Hypoglossum,  upon  the  under  side  in 
Ruscus  Hypophyllum.  They  stand  in  the  axil  of  a  leaf,  the  only  one  which  the 
phylloclade  possesses ;  it  shoots  out  early  upon  the  phylloclade  which  is  laid  down 
like  other  twigs.  The  bract  dries  up  in  Ruscus  aculeatus  usually  early,  but  in  Ruscus 
Hypoglossum  it  is  larger  and  leathery  and  takes  the  form  and  structure  of  the  phyllo- 
clade itself,  and  this  has  given  rise  to  erroneous  interpretations.  The  phylloclades  of 
Ruscus  aculeatus  place  themselves  in  such  a  position  that  they  do  not  have  one  surface 
directed  upwards  and  another  directed  downwards  but  undergo  a  torsion  through  9o^ 
so  that  their  edges  are  directed  upwards  and  downwards  as  is  the  case  in  the  phyllodes 
of  Acacia.    These  relationships  may,  however,  be  changed  by  illumination. 

Diootyledones. 

Phylloclades  or  cladodes  occur  in  different  families  of  this  class,  and  the  following 
are  a  few  instances  only  of  the  manifold  variations  they  exhibit. 

Carmiohaelia.  In  this,  chiefly  New  Zealand,  genus  of  Leguminosae'  the 
reduction  of  the  leaves  and  the  consequent  flattening  of  the  shoot-axis  are  phenomena 
of  adaptation.  Some  species  have  cylindric  leafy  shoots,  for  example  C.  Exsul,  they  are 
also  found  in  C.  flagelliformis,  in  which  the  leaves  are  arrested  in  sunny  situations  but 
are  developed  in  shady  positions'.  Most  species  after  the  first  juvenile  stage  have 
flattened  shoot-axes  whose  leaf-development  appears  to  be  in  great  measure  dependent 
upon  external  conditions.  In  cultivation  the  young  shoots  especially  still  bear  foliage- 
leaves  whilst  the  older  ones  only  produce  reduced  leaves. 

Bosaiaea.  Similar  features  to  those  in  Carmichaelia  are  found  in  this  legu- 
minous genus. 

CoUetia.  This  genus  of  the  Rhamnaceae  has  in  one  species,  CoUetia  spinosa, 
cylindric  shoots  with  reduced  formation  of  leaves.  CoUetia  cruciata,  on  the  oiher  hand, 
possesses  short  shoots  flattened  in  the  vertical  plane,  but  seedling-plants  have  the  form 
which  appears  during  its  whole  life  upon  CoUetia  spinosa.  Shoots  showing  a  reversion 
to  the  juvenile  state  also  appear  on  aduli  plants  \ 

Phyllanthiui.  Features  of  some  species  of  this  genus  of  Euphorbiaceae  have 
been  already  referred  to '.  There  are  dorsiventral  lateral  shoots  bearing  at  their  base 
a  bud — ^just  as  a  leaf  has  an  axillary  bud — out  of  which  may  proceed  a  long  shoot. 


^  In  Roscas  aculeatns  and  Danae  they  stand  on  the  lateral  axes ;  only  in  the  seedling,  for  instance 
of  R.  aculeatus,  are  they  on  the  chief  axes. 

'  See  Reinke,  Untersuchungen  iiber  die  Assimilationsorgane  der  Legmninoseen :  I- VII.  in  Prings- 
heini*s  Jahrbiicher,  zxx  (1897).    The  literature  is  cited  here. 

'  See  L.  Cockayne,  An  Inquiry  into  the  Seedling  Forms  of  New  Zealand  Phanerogams  and  their 
Development,  in  Transactions  of  the  New  Zealand  Institute,  xxxi  (1898). 

*  See  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  P-  ^7*  P>&  8. 

•  See  Part  I,  p.  97 
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It  is  probable  that  as  Dingier*  conjectures  the  construction  of  these  leaf-like  short 
shoots  was  the  cause  of  the  reduction  of  the  foliage-leaves  of  the  chief  shoot  to  kata- 
phylls.  On  the  seedling-plant  foliage-leaves  still  appear.  Still  further  goes  the 
transformation  of  the  shoot  in  that  section  of  the  genus  termed  Xylophylla  where  the 
shoot-axes  are  transformed  into  leaf-like  phylloclades  *  which  bear  kataphylls  only 
in  the  mature  plant  but  have  still  foliage-leaves  in  the  seedling-plant.  These 
phylloclades  are  laid  down  as  normal  cylindric  axes,  but  they  broaden  later  and 
become  flat. 

Other  examples,  like  Muhlenbeckia  platyclados  one  of  the  Polygonaceae,  and 
Siebera  compressa  one  of  the  Umbelliferae,  do  not  require  further  explanation.  We 
must,  however,  mention  the — 

CaotOB-form.  By  this  we  understand  assimilating  shoot-axes  with  fleshy  tissue 
acting  as  a  water-reservoir.  Storage  of  water  appears  also  in  other  assimilating  shoot- 
axes  for  example  amongst  the  Leguminosae  in  Carmichaelia  crassicaulis,  Notospartium 
and  others,  in  Kleinia  and  other  Compositae,  in  Geraniaceae ;  but  the  cactus-form  of 
the  Cactaceae — a  form  which  is  repeated  in  the  succulent  species  of  Euphorbia  and  in 
the  Stapelieae — has  special  characteristics.  The  formation  of  shoots  of  the  Cactaceae 
has  been  akeady  described ',  and  further  information  may  be  obtained  from  the 
sources  cited  below  *. 

3.  TRANSFORMED  RADIAL  SHOOTS. 

We  must  consider  as  transformed  shoots  all  those  in  which  the  work  of 
assimilation  has  been  exchanged  entirely  or  in  great  part  for  other  functions. 

Thorns.  In  the  transformation  of  shoots  into  thorns  as  it  takes  place 
in  species  of  Prunus,  Rhamnus  cathartica,  Ononis  spinosa,  and  others,  we 
have  features  resembling  those  of  the  shoots  mentioned  above  whose  axis 
serves  as  an  assimilation-organ,  in  so  far  as  in  the  thorn-shoots  the  leaves 
are  suppressed,  and  there  are  not  wanting  middle  st^es  between  shoots 
which  have  taken  over  the  function  of  foliage-leaves  and  those  which  have 
been  constructed  as  thorns.  In  many  shoots  both  features  appear  together. 
Thus  the  phylloclade  of  Ruscus  aculeatus  ends  in  a  thorn,  and  the  same  is 
the  case  in  the  flat  shoots  of  CoUetia  cruciata.  Transition-forms  from  normal 
foliage-shoots  to  thorns  are  also  found,  for  instance,  in  the  Pomaceae  and 
Amygdaleae  *.  The  thorn-twigs  of  Crataegus  Oxyacantha,  for  example, 
before  they  close  their  growth  at  the  apex  by  producing  a  thorn,  form  a 


*  Dingier,  Die  Flachsprosse  der  Phanerogamen,  Heft  i:  Pliyllanthus,  Miinchen,  1885. 

'  Dingier  conjectores  that  the  'phanerogamous  leaf  has  arisen  in  the  same  way,  that  it  is  a 
flattened  ehoot.  Against  this  it  may  be  said  (i)  the  development  of  the  phylloclade  in  Phyllanthns 
itself  evidently  points  to  an  origin  from  a  Uafy  shoot,  (2)  in  the  Hepaticae  the  ^  leaf*  has  developed 
in  different  series  from  different  starting-points. 

»  See  Part  I,  p.  168. 

*  Goebel,  Pflanzenbiologische  Schildemngen,  i  (1889),  p.  67;  Ganong,  Beitriige  vox  Kenntniss 
der  Morphologie  and  Biologie  der  Cakteen,  in  Flora,  Izxix  (Erganznngsband  zum  Jahrgang  1S94). 

^  See  Delbrouck,  Die  Pflanzen-Stacheln,  in  Hanstein's  Botanische  Abhandlongen,  ii  (1875),  p.  17  ; 
Areschoug,  Beitrage  zor  Biologie  der  Holzgewachse,  in  Acta  Universitatis  Lnndensis,  xii  (1875-6). 


Digitized  by 


Goo^^ 


TRANSFORMED  RADIAL  SHOOTS  453 

number  of  rudimentary  foliage-leaves  which  soon  fall  off,  and  have  at  their 
base  a  pair  of  buds  which  in  the  next  year  grow  out  into  short  twigs.  Also 
other  twigs  become  converted  into  thorns^  after  having  produced  some 
foliage-leaves  whose  axillary  buds  grow  out  in  the  next  year.  If  in 
Crataegus  one  cuts  off  at  the  right  moment  a  long  foliage-shoot  above 
the  point  where  stands  a  normal  lateral  short  shoot  which  would  become 
a  thorn,  one  may  compel  this  short  thorn-shoot  to  become  a  long  foliage- 
shoot  instead  of  a  thorn-shoot.  This  same  effect  has,  as  is  well  known, 
been  produced  by  cultivation  in  Pyrus  Malus  and  other  Pomaceae.  As  on 
the  phylloclades  so  on  the  thorn-shoots  the  formation  of  foliage-leaf  is 
rudimentary.  In  many  thorn-shoots  the  leaf-formation  is  as  entirely  absent 
as  in  the  needle-like  twigs  of  Asparagus. 

Storage-shoots.  I  do  not  require  to  say  an5rthing  further  here  about 
the  shoots  which  are  used  as  storage-organs.  The  configuration  of  bulbs 
and  tubers  is  explained  in  every  textbook,  and  we  know  nothing  about  the 
conditions  which  have  brought  about  the  appearance  of  these  organs.  Most 
of  these  storage-shoots  proceed  out  of  hypogeous  (geophilous)  shoots,  yet  the 
cactus-form — which  must  be  reckoned  amongst  these — shows  that  epigeous 
(photophilous)  shoots  may  be  devoted  to  the  same  useful  function,  and  many 
other  plants  form  epigeous  tubers  or  bulbs.  Vitis  pterophora  shows  this  in 
remarkable  degree,  for  at  the  end  of  its  vegetative  period  the  tips  of  the  shoot 
are  arrested  and  one  or  two  internodes  below  it  swell  out,  then  they  fall  off 
with  the  buds,  one  or  more,  that  are  upon  them,  and  after  a  period  of  rest — 
which  probably  enables  the  plant  to  live  through  a  dry  period — they  again 
shoot  out  into  active  life  ^. 

4.    TRANSFORMED   RADIAL   SHOOTS   IN  LIANES. 

When  speaking  of  the  transformation  of  leaves  into  climbing-organs 
such  as  hooks  and  tendrils,  as  well  as  when  discussing  the  formation  of  roots, 
reference  was  made  to  some  species  of  liane.  Here  therefore  we  have  only 
to  note  the  formation  of  the  shoot  in  some  other  lianes.  The  phenomena  of 
growth  of  the  shoots  of  lianes,  such  as  circumnutation  and  the  like,  dealt  with 
in  physiological  textbooks,  will  not  be  discussed  here,  and  I  shall  refer  only 
to  a  few  cases  illustrative  of  the  formation  of  the  shoot  in  relation  to  the 
conditions  of  life : — 

Searcher-shoots.  In  European  lianes — plants  which  do  not  reach 
any  great  height,  except  in  the  case  of  Lonicera  Periclymenum  and  Clematis 
Vitalba — the  usual  vegetative  shoot-formation  takes  place.  In  tropical  lianes, 
on  the  other  hand,  we  find  often  shoots  developed  which  may  be  termed 


'  Areschong's  *  false  short  twigs.' 

'  See  Lynch,  On  Branch  Tnbers  and  Tendrils  in  Vitis  gongyloides,  in  Journal  of  the  Tjnnean 
Society,  xvii  (1878),  p.  306,  plate  15. 
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uarcker-skocts.  They  have  the  power  of  rapid  growth  and  eloogatioa  in 
order  to  enable  them  to  search  for  a  support  They  can  grow  for  a  long 
time  in  a  vertical  direction  without  a  support,  and  thus  their  apex  moves 
through  a  comparatively  wide  area.  They  will  reach  a  greater  length  the 
less  the  weight  of  leaves  they  have  to  carry  ^,  and  we  find  therefore  a 
retardation  in  the  formation  of  their  leaves  which  is  either  (^i)  temporary,  or 
(b)  permanent.  These  searcher-shoots  arise  only  if  the  plant  is  a  strong 
grower  and  is  living  in  favourable  conditions. 

{a)  Temporary  retardation  of  foliage.  Here  we  have  the  cases  of  the 
plants  whose  leaves  form  '  forerunner-tips  V  In  other  cases  the  stipules 
are  formed  whilst  the  leaf-primordium  itself  is  still  undeveloped,  as,  for 
example,  in  Buettneria  pilosa  and  Leguminosae.  Specially  interestii^  is  the 
fact  that  often  a  further  development  of  the  leaves  only  takes  place  if  the 
searcher-shoots  have  reached  a  support,  as,  for  example,  in  Banisteria  aurea 
and  Beaumontia  grandiilora,  and  this  condition  may  go  so  far  that  the 
searcher-shoots,  which  do  not  Teach  a  support,  throw  off  the  young  leaves,  as 
in  Combretum,  many  of  the  Apocynaceae,  Derris  elliptica,  and  finally  even 
the  whole  shoot  dies.  There  is  here  a  special  phenomenon  of  sensitiveness, 
the  use  of  which  to  Uie  plant  is  evident,  and  it  spares  the  plastic  material 
for  the  development  of  leaves  and  shoots  for  those  shoots  which  can  make 
use  of  it  best.  Its  origin,  however,  is  still  obscure.  It  is  not  connected  with 
•  contact-stimulus.'  We  may  recall  here  that  Sachs  ^  pointed  out  that  in 
European  twiners  *  vigorous  shoots  when  they  grow  out  beyond  their  support, 
or  meet  with  none  at  all,  become  moribimd ;  it  is  easy  to  observe  that  a 
shoot  which  has  been  growing  for  some  time  without  a  support,  on  being 
afforded  opportunity  to  twine  round  a  support  obtains  after  a  few  days  a  new 
lease  of  life,  so  to  speak,  and  grows  out  much  more  actively.'  This  sensitive- 
ness— ^the  dependence  of  vigorous  life  upon  the  exercise  of  a  function,  the 
reaching  of  a  support  in  the  case  before  us — is  developed  in  special  degree 
in  these  searcher-shoots.  The  searcher-shoots  which  throw  off  their  leaves 
form  in  some  measure  a  transition  to  the  next  group. 

{b)  Permanent  retardation  of  foliage.  Here  the  division  of  labour  is 
of  such  a  kind  that  the  shoots  which  serve  as  searcher-shoots  and  subse- 
quently anchor  the  plant  have  only  kataphylls.  The  foliage-leaves  are 
restricted  to  the  short  shoots'which  are  not  climbing-organs.  We  see  this  in,  for 
instance,  Gnetum  funiculare,  Melodorum  bancanum,  Myxopynim  nervosum. 
The  same  features  are  observed  in  tendrillous  lianas  in  which  the  tendrils 


*  Rtdiborski,  Ueber  die  Vorlaafertpitze,  m  Flora,  Ixzxvii  (1900),  p.  i ;  Tieab,  Snr  tme  noayelle 
cat^orie  de  plantes  grimpantes,  in  Anxiales  da  Jardin  botaniqne  de  Biiitenioig,  iii  (1883),  p.  44 ;  id, 
ObtervatioDS  snr  les  plantes  grimpantes  dn  Jardin  botaniqne  de  Bnitenzoig,  ibid.,  p.  i6a 

■  See  p.  308. 

*  Sachs,  Lectures  on  the  Physiology  of  PlanU,  English  edition  by  Marshall  Ward,  Oxford, 
1887,  p.  674. 
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are  placed  upon  the  short  shoots.  The  division  of  labour  between  short 
shoots  and  long  shoots  may,  however,  be  of  varying  sharpness^.  In  Hiptage 
obtusifolia  and  other  Malpighiaceae  the  long  shoots,  for  example,  have  still 
foliage-leaves  at  their  base  and  above  that  kataphylls,  but  the  foliaged  short 
shoots  can  grow  out  into  long  shoots  which  if  they  have  not  reached  a  sup- 
port pass  over  at  the  apex  again  into  the  formation  of  foliage-leaves ;  they 
submit  then  to  a  retardation  which  is  less  strong  than  that  of  the  searcher- 
shoots  in  the  other  plants  mentioned  above  ^. 

In  other  plants  every  bud  by  its  position  is,  on  the  other  hand,  unalter- 
ably fixed  as  either  a  long 
shoot  or  a  short  shoot. 
There  is  then,  even  if  the 
long  shoots  are  removed, 
no  transformation  of  the 
short  shoots^. 

Shoots  as  Climb- 
ing-Organs*. We  can 
scarcely  speak  of  a  trans- 
formation in  the  case  of 
*  scramblers'  which  simply 
hold  on  to  other  plants  by 
their  straggling  branches. 
The  formation  of  shoots  in 
twining  plants  has  been 
already  described.  Here 
we  have  to  deal  with — 

Shoot-tendrils.  When 
speaking  of  leaf-tendrils 
it  was  shown  that  in  many 

plants,  leaves,  which  are  sensitive  to  contact-stimulus  and  are  unchanged 
in  their  configuration,  may  function  as  tendrils ;  similarly  we  find  that  in 
many  *  twig-climbers,'  as  Fr.  Miiller  first  of  all  pointed  out,  the  ordinary 
twigs  are  capable  of  acting  as  climbing-organs.  As  an  example  of  this  we 
have  Securidaca  Sellowiana  (Fig.  303),  a  Brasilian  polygalaceous  plant  It 
possesses  long  shoots  with  non-irritable  elongated  intemodes,  and  on  these 


Fig.  303. 
lateral  twiga. 


Secaridaca  Sellowiana,  Klotzsch, 
Two-thirds  of  natural 


Shoot  with  tendrillous 
After  H.  Schenck. 


>  See  Massart,  Snr  la  morphologie  da  Bourgeon,  in  Annates  dn  Jardin  botaniqne  de  Bnitenzoig, 
ziii  (1896). 

*  See  also  RaCiborski,  Uebcr  die  Vorlauferspitzc,  in  Flora,  Ixxxvii  (1900),  p.  36. 
'  See,  for  example,  Massart,  op.  dt 

*  See  what  is  said  abont  root-dimbers  and  leaf-tendrils,  pp.  a86, 431.  A  comprehensive  exposition 
of  the  features  of  lianes — not  altogether  above  criticism  from  the  morphological  standpoint — is  that 
of  H.  Schenck,  Beitrage  znr  Biologic  und  Anatomie  der  Lianen,  im  Besonderen  der  in  Brasilien 
dnheimischen  Arten,  in  Botanische  Mittheilmigen  ans  den  Tropen,  Jena,  Heft  iv  (1893),  Heft  v 
(1 893).    The  literatnre  is  cited. 


Digitized  by 


Goo^^ 


456 


EPIGEOUS  SHOOTS 


there  are  foUaged  lateral  twigs  which,  like  the  twigs  of  higher  order,  are 
very  sensitive  to  friction.  In  other  plants  we  find  upon  the  shoots  which 
act  as  tendrils,  a  reduction  of  the  leaves,  as  in  species  of  Salacia.  This 
reduction  takes  place  in  varying  degree  in  different  species  of  the  genus, 
and  its  final  result  is  a  twig-tendril  which  has  its  leaves  arrested  at  a  very 

early  period  of  development, 
and  so  appears  at  maturity  to 
be  leafless,  as  is  also  the  case 
in  Acacia  lacerans,  A.  velutina, 
and  others. 

Shoot-hooks.  The  hook- 
climbers  possess  as  climbing- 
organs  hooks  which  after  they 
grasp  the  support  experience 
a  thickening.  They  have  in 
most  cases  taken  origin  from 
the  stalks  of  inflorescences^  in 
which  the  flowers  have  been 
suppressed.  I  nflorescences  fre- 
quently become  climbing-or- 
gans. The  greatly  elongated 
axis  of  the  inflorescence  twines 
in  Utricularia  reticulata,  for 
example,  whilst  the  vegetative 
shoot -axes  remain  in  the 
ground.  Were  we  to  imagine 
that  in  other  inflorescences  an 
irritability  of  the  axis  or  of  a 
part  of  it  were  to  set  in,  that 
then  a  division  of  labour  be- 
tween an  irritable  and  a  non- 
irritable  part  followed,  and  that 
then  this  appeared  at  a  quite 
early  stage  in  the  development, 
we  should  obtain  a  picture  of 
how  change  of  function  might 
have  come  about.  Moreover 
transition-forms  between  tendrils  and  inflorescences  are  abundant  enough, 
sometimes  of  the  nature  of  watch'Spring-tendrils^  which  are  thin  and  spirally 
inrolled  tendrik,  and  do  not  become  firmly  fixed  to  the  support,  but  through 
contact-stimulus   become  thicker  and    harder  (Fig.   304),    sometimes   of 


-^fi^^^CS) 


fH 


Pig.  304.    BaahiniA  sp.  from  Blomenan.    Twig 
spring-climbers.    Two>tlurds  natural  siie.    After  H.  Schenck. 


^  The  sensitiveness  of  the  twig-thoros  in  Olaceae  described  by  Schenck  appears  to  me  doubtful. 
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filiform  tendrils^  as  in  Passiflora,  Vitis,  and  other  plants — structures  which 
do  not  require  further  notice  in  this  place. 

I  may  recall  here  those  cases  in  which  the  shoot-axes  which  originally 
served  for  the  formation  of  flowers  have  again  turned  back  to  a  vegetative 
function  ^  and  that  in  such  shoot-axes  we  may  note — 

1 ,  the  formation  of  flower  is  absolutely  suppressed ; 

2,  consequently  the  appearance  of  these  shoot-axes  may  be  relegated 
to  an  earlier  stage  of  the  development  than  that  at  which  the  inflorescences 
appear. 

{b)     PLAGIOTROPOUS    ShOOTS. 

The  general  relationships  between  orthotropous  and  plagiotropous 
shoots  have  already  been  described  ^  It  has  been  shown  that  one  and  the 
same  shoot  at  different  stages  of  development  may  be  orthotropous  or 
plagiotropous,  and  that  in  many  cases  external  factors,  especially  the 
intensity  of  light,  exercise  an  influence  upon  the  growth  and  determine  it 
as  orthotropous  or  plagiotropous. 

In  trees.  To  the  relationships  as  they  are  found  in  trees,  which  have 
orthotropous  chief  axes  and  plagiotropous  lateral  axes,  reference  was  made 
when  speaking  of  the  relationships  of  symmetry^,  of  correlation*,  of 
anisophylly*,  and  also  when  mention  was  made  of  the  plagiotropous  shoots 
in  root-climbers^.  I  have  therefore  to  mention  here  only  the  configuration 
of  the  plagiotropous  shoot  of  herbaceous  plants. 

In  herbs.  In  many  herbaceous  perennials  the  flower-bearing  shoot  is 
orthotropous,  the  vegetative  shoot  is  plagiotropous.  These  plagiotropous 
shoots  are  chiefly  distinguished  from  the  flowering  orthotropous  shoots  by 
the  elongation  of  one  or  all  of  the  internodes,  by  which  process  they  provide 
for  vegetative  spreading.  The  plagiotropous  shoot  can  behave  in  this  way 
with  some  variation :  the  shoot  at  first  orthotropous  may  subsequently  bend, 
become  plagiotropous,  and  as  a  creeping  shoot  root  if  it  reach  the  soil ;  then 
it  may  raise  itself  again  in  the  next  year  under  favourable  conditions  and 
form  an  orthotropous  shoot.  We  find  this,  for  example,  in  Galeobdolon  luteum. 
In  other  plants  the  shoot  is  from  the  beginning  directed  obliquely,  as  in  Ajuga 
reptans  and  Glechoma  hederacea,  or  it  may  be  creeping,  as  in  Potentilla 
anserina.  In  Potentilla  anserina  and  P.  reptans,  as  well  as  in  Duchesnea 
(Fragaria)  indica,  the  *  stolons'  are  properly  the  lateral  flower-stems  which  end 
in  one  flower  "^ ;  in  the  axil  of  the  lowermost  prophyll  of  the  flower  there  arises 
a  new  rooting  foliage-shoot  which  again  produces  lateral  flowers  and  so  on. 
In  Fragaria  there  are  also  transitions  between  inflorescences  and  stolons,  and 

'  See  pp.  447, 450.  «  See  Part  I,  p.  67.  '  See  Part  I,  p.  93. 

*  See  Part  I,  p.  314.  »  See  Part  I,  p.  350.  •  See  Part  I,  p.  157. 

^  Innisch,  Einige  Bemerknogen  iiber  die  krantartigen  Rosaceen,  in  Botanische  Zeitnng,  viii  (1850), 
p.  392.  See  also  Maige,  Recherches  biologiqnes  sor  les  plantes  rampantes,  in  Annales  des  sciences 
natnrelles,  s^r.  8,  xi  (1900),  p.  349. 
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we  may  expect  to  find  them  elsewhere,  especially  in  plants  whose  vegetative 
shoots  are  'contracted,'  that  is  to  say,  consist  of  internodes  which  remain  short. 
In  such  plants  the  inflorescences  are  shoots  which  by  the  elongation  of  one 
or  many  internodes  are  raised  above  the  leaf-rosettes.  If  in  these  inflore- 
scences the  formation  of  flower  is  suppressed,  or  is  postponed  to  a  later  time, 
they  may  at  once  give  rise  to  'stolons.'  Such  a  vegetative  activity  of  the 
inflorescences  has  been  several  times  mentioned  in  preceding  pages  ^,  and  it 


PiO.  305.    Androsace  sarmentosa.    Z^  ■torare-leayes ;  N^  foliage-leaves;  AvAit  stolons.    The  flowering-plant 
is  itself  the  product  ci  a  stolon,  of  which  a  small  portion  is  seen  below.    One-half  natural  sixe. 

is  found  in  some  water  and  marsh-plants*  which  produce  within  the  inflore- 
scences vegetative  buds  which  then  spread  out  upon  the  surface  of  the  water 
and  become  organs  of  vegetative  multiplication  for  which  they  are  most 
favourably  constructed.  We  might  imagine  that  the  plant  of  Androsace 
sarmentosa,  depicted  in  Fig.  305,  was  originally  an  annual  plant  which 
besides  the  terminal  inflorescence  produced  also  at  a  later  period  axillary 
ones ;  that  in  these  axillary  inflorescence-shoots  the  formation  of  flowers  was 
postponed  to  the  next  vegetative  period ;  then  there  would  develop  upon 
each  of  them,  instead  of  the  flower-umbel,  a  vegetative  leaf-rosette  upon 


'  See  pp.  447,  449. 
'  See  the  cases  of  Alisma  natans, 
Schildenmgen,  11  (1893),  p.  329. 


limnanthemiim  Hmnboldtii,  in  Goebel,  Pflanzenbiologische 
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which  in  the  following  season  the  flowering-shoot  would  elongate  and  bear 
flowers.  This  of  course  is  a  purely  arbitrary  assumption.  We  have, 
however,  every  ground  for  the  assumption  that  in  the  Labiatae  mentioned 
below  the  plagiotropous  shoots  proceed  out  of  orthotropous  ones,  which 
have  experienced  a  retardation  in  the  formation  of  their  flower.  The 
plagiotropous  shoots  in  these  cases  serve  also  specially  as  vegetative  propa- 
gating-organs — 'wandering  shoots'  (Fig.  305) — ^which  are  of  importance  for 
the  spread  of  the  plant  and  the  utilization  of  new  stations. 

Other  plants  show  throughout  the  whole  of  their  shoot-system  a  plagio- 
tropous growth.  They  are  glued  to  the  ground  and  have  frequently  taken 
on  the  dorsiventral  character.  This  is  the  case  in  Anthyllis  tetraphylla,  the 
leaf- formation  of  which  has  been  previously  described  ^.  The  direction  is 
here  certainly  caused  by  light.  In  light  of  feeble  intensity  the  shoots  are 
erect,  as  cultivated  plants  have  shown,  and  it  may  be  that  the  plagiotropous 
growth  is  of  importance  for  this  kind  of  plant  which  grows  in  strong 
illumination,  in  that  it  hinders  evaporation  of  water  and  that  it  facilitates 
the  obtaining  of  water,  as  is  the  case  in  Hepaticae  *.  These  relationships, 
however,  as  well  as  the  factors  which  in  alpine  and  polar  regions,  for 
example,  cause  plagiotropous  growth,  cannot  be  discussed  further  here. 

Relationships  to  Conditions  of  Life.  I  shall  only  now  briefly 
refer  to  the  relationship  between  the  formation  ol plagiotropous  shoots  with 
elongated  internodes  and  the  conditions  of  life.  This  may  be  illustrated  by 
examples  from  the  Labiatae.  So  far  as  I  can  see  such  plagiotropous  shoots 
do  not  appear  in  species  which  gfrow  in  dry  sunny  spots  ^.  Plants  in  such 
stations  form  a  woody  framework  of  orthotropous  shoots.  Compare,  for 
example,  the  small  shrubby  Thymus  vulgaris  of  south  Europe,  growing 
on  dry  sunny  localities,  with  the  widely  spread-out  Thymus  Serpyllum, 
which  indeed  grows  upon  relatively  bright  sunny  dry  areas  but  only  between 
other  plants  which  shade  the  shoots.  The  vegetative  shoots  are  here 
plagiotropous.  The  shorter  vegetative  period  of  course  must  be  taken  into 
consideration  also  as  it  is  less  favourable  to  the  construction  of  a  woody 
framework  of  shoots,  and  there  is  also  the  question  of  exposure  to  cold. 
Lavender,  rosemary,  and  other  plants  of  sunny  dry  localities  have  no 
marked  plagiotropous  shoots,  but  we  find  in  general  these  are  the  more 
developed  the  more  shaded  and  moist  are  the  localities,  such  as  meadows 


*  See  Part  I,  p.  121.  »  See  p.  18. 

'  In  other  plants  this  is  different  as  is  well  known,  for  instance,  apart  from  those  mentioned  above, 
in  many  creeping  plants  of  the  sea-shore  like  Ipomaea  Pes-Caprae.  Research  is  required  to  show 
how  the  plagiotropous  growth  comes  about  here.  It  may  have  started  more  than  once  and  in 
relation  to  different  external  stimuli.  We  have  seen  that  the  plagiotropous  Hepaticae  on  tree-stems 
are  never  orthotropous,  and  that  the  plagiotropous  growth  has  special  relations  to  water.  Temperature 
is  influential  in  mountain  and  polar  plants.  I  can  only  see  in  the  above  a  special  case  of  plants 
with  radial  flower-shoots  and  plagiotropous  stolons,  but  this  does  not  by  any  means  give  us  a  scheme 
foraU. 
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and  valleys,  in  which  the  plant  grows.  In  such  places  the  construction 
of  vegetative  orthotropous  shoots  which  will  rise  up  high  into  the  light 
demands  a  consider- 
able amount  of  mate- 
rial. The  diminished 
light  can  be  better 
used  by  plagiotropous 
shoots  to  which  the 
moist  soil  offers  at  the 
same  time  an  opportu- 
nity to  root  We  find 
therefore  that  as  has 
been  mentioned  for 
other  plants  a  trans- 
formation has  taken 
place  in  the  Labiatae 
of  the  orthotropous 
shoots — these  alone  are 
found  in  annual  species 
—  into  plagiotropous 
ones,  and  of  this  the 
following  plants  offer 
illustrations : — 

Ajuga  reptans  ^ 
(Fig.  306).  The  shoot 
of  the  seedling  is  ortho- 
tropous and  it  forms  inthe 
first  year  a  rosette  of  de- 
cussate foliage-leaves,  and 
in  the  second  year  bears 
the  terminal  inflorescence. 
The  lateral  buds  become 
plagiotropous  stolons  with 
elongated  internodes,they 
root  later  and  form  at  their 
apex  a  new  leaf-rosette 
with  contracted  inter- 
nodes  which  can,  in  a 
plant  growing  in  the  sun, 
form  flowers  in  its  first  year.  Usually,  however,  this  takes  place  only  in  the  second 
year.    Orthotropous  shoots  which  produce  only  few  flowers,  and  which  occasionally 


*  See  Irmisch,  Beitr'age  znr  veigleichenden  Morphologie  der  Pflanzen,  Abth.  ii,  Labiatae,  Halle, 
1856,  p.  39. 
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arise  as  lateral  shoots,  may  after  flowering  time  become  plagiotropous  stolons  *,  and 
these  stolons  have  taken  origin  from  orthotropous  flower-shoots  by  adaptation. 

Gleohoma  hederaoea.  We  have  in  this  plant  a  case  which  we  may  compare 
with  that  of  Hedera  Helix  *.  In  that  plant  we  have  seen  that  the  juvenile  form  is  adapted 
to  plagiotropous  growth,  that  the  formation  of  orthotropous  shoots  only  begins  later,  and 
that  this  behaviour  is  a  derived  one.  In  Glechoma  hederacea  the  juvenile  and  adult 
forms  are  not  markedly  different  in  their  configuration,  but  they  show  a  different 
growth.  The  axis  of  the  seedling-shoot  is  at  once  plagiotropous  and  it  roots  from  its 
stem-segments  which  attain  a  length  of  thirty  centimeters  or  thereabouts.  In  the  next 
year  under  favourable  conditions  it  forms '  an  orthotropous  flowering-shoot,  at  whose 
base  plagiotropous  lateral  twigs  subsequently  arise.  But  the  orthotropous  flower-shoot 
may  pass  over  again  at  its  apex  into  a  plagiotropous  shoot,  as  Irmisch  and  others*  have 
observed,  and  this  happens  especially  in  plants  which  grow  in  deeply  shaded  habitats. 
These  form  but  few  flowers  whilst  the  orthotropous  shoots  in  stronger  illumination  pro- 
duce many  flowers,  and  do  not  as  a  rule  grow  out  further  as  vegetative  plagiotropous 
shoots.  The  tendency  here  to  the  formation  of  plagiotropous  shoots  is  then  much  more 
deeply  engrained,  for  not  only  is  the  seedling-axis  plagiotropous,  but  also  the  ortho- 
tropous shoots  pass  over  relatively  easily  into  plagiotropous  ones,  and  this  may  be  con- 
nected with  the  relationships  to  the  locality  as  Glechoma  grows  in  more  shaded  places. 

Staohys.  The  genus  Stachys  may  be  mentioned  here  because  it  shows  a  tran- 
sition from  plagiotropous  light-shoots  into  hypogeous  shoots.  Stachys  sylvatica  has 
plagiotropous  shoots  which  grow  sometimes  upon,  sometimes  beneath  the  surface  of 
the  soil.  In  the  first  case  they  have  throughout  foliage-leaves  and  come  into  flower 
often  in  October ;  in  the  second  case  they  have  kataphylls  *  and  appear  above  the  soil 
in  the  autumn  usually  with  the  apex  covered  with  fohage-leaves  •.  According  to  Maige  ^ 
these  plagiotropous  shoots  may  become  orthotropous  in  direct  sunlight,  whilst,  as  might 
be  expected,  in  feeble  illumination  the  flower-bearing  lateral  shoots  of  the  ortho- 
tropous inflorescence  discontinue  the  formation  of  flower  and  become  plagiotropous — 
a  transformation  which  never  happens  in  the  chief  axis.  Stachys  palustris,  on  the  other 
hand,  has  stolons  which  force  themselves  into  the  soil  and  are  therefore  geophilous. 

Factors  which  condition  Plagiotropous  Growth.  We  do  not 
learn  from  the  above  what  factors  condition  the  plagiotropous  gfrowth. 

^  This  has  not  yet  been  observed  in  the  case  of  the  terminal  inflorescence.  Moquin  Tandon,  who 
has  been  cited  as  the  authority  for  snch  a  change,  only  speaks  of  a  foliation  of  the  bracts  which  need 
not  be  connected  with  plagiotropons  growth.  See  his  l^l^ments  de  teratologic  v^g^tale,  Paris,  1841, 
p.  205.  Important  results  of  experimental  research  are  given  by  Klebs,  WilUcuhrliche  Entwicklnngs- 
anderungen  bei  Pflanzen,  Jena,  1903. 

'  See  Part  I,  p.  160.  '  The  method  of  branching  need  not  be  described. 

•  As  A  de  St  Hilaire,  Le9ons  de  Botanique  comprenant  principalement  la  morphologic  v^g^tale, 
Paris,  1840,  p.  104.     He  bcUeves,  however,  that  the  shoots  *  entrain^  par  leur  poids  *  sink  to  earth. 

•  The  stolons  of  other  plants  show  also  the  formation  of  kataphylls  in  the  light — Fragaria  vesca, 
Saxifraga  sarmentosa.  The  retardation  of  the  development  of  the  leaves  here  may  have  relation 
to  the  rapid  elongation  of  the  shoot -axis  as  in  the  shoots  of  many  lianes.  Experimental  evidence  is 
entirely  wanting. 

•  See  Irmisch,  Bcitrage  zur  vergleichenden  Morphologic  der  Pflanzen,  Abth.  ii,  Labiatae,  Halle, 
1856,  p.  15. 

^  Maige,  Recherches  biologiques  sur  les  plantes  rampantes,  in  Annales  des  sciences  naturelles, 
s6r.  8,  xi  (1900). 


Digitized  by 


Goo^^ 


462  EPIGEOUS  SHOOTS 

A  discussion  of  this  question  belongs  to  experimental  physiology,  and  here 
I  shall  therefore  only  say  this : — 

Frank  and  others  formerly  thought  that  the  plagiotropous  shoots  above  mentioned 
were  negatively  geotropic  and  negatively  heliotropic,  because  many  of  them  although 
not  all  became  erect  in  darkness.  This  erecting  of  the  shoot  I  consider  as  an  adapta- 
tion by  which  the  plagiotropous  shoot  is  protected  from  being  smothered  by  other  plants 
or  by  a  covering  of  leaves  and  the  like.  Oltmanns  *  found,  moreover,  that  the  shoots  of 
Glechoma  became  orthotropous  in  darkness  only  in  the  spring.  Later  in  the  summer 
the  stolons  grew  out,  even  in  darkness,  to  a  considerable  horizontal  length.  Negative 
heliotropism  therefore  does  not  play  a  part  in  directing  the  plagiotropism  of  these  shoots 
but  there  is  '  re-attuning'  of  the  geotropism  by  the  influence  of  light '.  The  working 
of  the  light  is  here  evidently  somewhat  complex  and  we  must  distinguish  two  things — 

(a)  the  influence  upon  the  direction  0/ the  shoot)  and 

{b)  the  influence  upon  iht  processes  0/ ripening. 

Let  us  consider  the  latter  first.  We  find  that  the  shoots  grow  out  at  different 
stages  of  development  at  which  they  react  differently  to  the  influence  of  directing 
forces.  The  external  forces  which  are  necessary  for  this  development  are  in  part 
those  which  affect  the  direction.  The  terminal  stage  is  that  of  flower-formation,  the 
shoot  therewith  reaches  its  *  ripeness.'  Every  shoot  of  Glechoma  begins  as  a  plagio- 
tropous foliage-shoot  and  ripens  then  into  ian  orthotropous  one.  This  happens  under 
the  influence  of  light  and  its  ripening  process  goes  on  in  general  more  quickly  the 
higher — within  of  course  certain  limits — the  intensity  of  the  light  is.  The  coming  of 
the  orthotropy  is  then  indirectly  a  consequence  of  the  influence  of  light  which  causes 
a  change  in  the  inner  peculiarities  of  the  shoot.  This  has  as  a  consequence  that  the 
shoot,  so  far  as  its  direction  is  concerned,  reacts  differently  to  light  in  the  different 
developmental  stages.  In  the  first  unripe  condition  light  causes  a  *  re-attuning  *  of 
the  positive  to  transversal  geotropism — using  this  word  in  its  most  general  sense — and 
the  stronger  the  light,  other  things  being  equal,  the  more  marked  is  the  plagiotropous 
growth.  The  influence  of  light  may  gradually  reach  a  climax  in  the  summer,  the 
shoot  can,  as  we  saw  in  Glechoma,  be  so  *  induced  '  that  it  is  no  longer  orthotropous 
in  darkness.  If  we  separate  these  points  of  view  the  behaviour  of  the  plagiotropous 
shoots  is  as  it  appears  to  me  much  more  easily  understood  The  ripening  process 
does  not  of  necessity  lead  to  the  cessation  of  the  growth  of  the  shoot.  We  have  seen 
that  in  Campanula  rotundifolia  the  growth  can  be  interrupted,  and  that  the  juvenile- 
form  can  again  be  brought  forth.  The  same  is  the  case  in  many  of  the  Labiatae 
mentioned  above.  If  we  designate  a  shoot  with  the  properties  of  the  plagiotropous  shoot 
of  Glechoma  by  x^  it  will  be  orthotropous  if  it  has  been  formed  under  the  influence  of 
the  light  y.  The  shoot  x  -^y  is  orthotropous,  but  y  is  not  always  present  in  large 
amounts.  If  now  there  be  only  little  of  ^  present,  and  x  is  not  exhausted,  the  shoot 
grows  as  x,  that  is  to  say,  grows  further  as  a  plagiotropous  shoot,  but  the  plagiotropous 
growth  also  makes  possible  to  it,  as  we  have  indicated,  the  better  utilization  of  the 
light,  and  at  the  same  time  vegetative  propagation  in  stations  with  less  intense  light 

*  OltmanDS,  Uber  podtiven  und  negativcn  Hdiotropismus,  in  Flora,  bcxxiii  (1897),  p.  24. 

*  See  Czapek,  Uber  die  Richtungsorsachen  der  Seitenwnrzelii  und  einiger  anderer  plagiotroper 
Pflanzenteile,  in  Sitzongsberichte  der  Wiener  Akademie,  civ,  i  (1895). 
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II 
GEOPHILOUS   SHOOTS 

With  Areschoug  ^  we  may  designate  by  the  ttrm  geophilous  such  shoots 
as  produce  their  renovation-buds  under  the  surface  of  the  earth.  They 
occur  especially  in  regions  where  vegetative  activity  is  periodically  interrupted, 
whether  this  is  by  cold  or  by  drought,  and  theyare  united  by  many  intermediate 
stages  with  *  photophilous  ^ '  shoots. 

We  have  to  distinguish  two  categories : — 

Perennial  Geophilous  Shoots.  In  this  category  we  have  shoots 
which  are  persistently  hypogeous. 

Paris  quadrifolia.  The  rhizome  of  Paris  supplies  an  example.  It  has  un- 
limited monopodial  growth  in  the  soil,and  sends  up  lateral  shoots  into  the  light. 

Periodic  Geophilous  Shoots.  By  these  we  understand  shoots  which 
in  the  different  vegetative  periods 
of   their    existence    are    at    first 
geophilous  and  then  photophilous, 
or  the  reverse. 

Folygonatum  mnltiflorum. 
This  is  the  case  in  sympodial 
rhizomes  such  as  that  of  Polygo- 
natum  (Fig.  307).  The  shoots  are 
here  geophilous, and  they  remain  in 
the  soil  and  bear  only  kataphylls 
there.  In  the  next  year  they  are 
photophilous,  and  appear  above  the 
soil  and  produce  assimilating  foliage-leaves  as  well  as  flowers.  The  means 
which  the  plant  adopts  to  bring  its  shoots  into  the  soil  or  above  it  are  evi- 
dently governed  in  the  first  place  by  changes  in  its  geotropic  sensitiveness, 
and  this  itself  is  most  probably  conditioned  by  processes  of  metabolism. 

Ciroaea  intermedia.  The  case  of  Circaea  intermedia  offers  an  illustration 
to  which  I  have  called  attention  before  now^.  The  photophilous  shoots 
of  this  plant  are  negatively  geotropic  and  end  in  an  inflorescence.  Beneath 
the  soil  the  plant  develops  stolons  which  subsequently  swell  up  at  the  end, 
and  in  the  next  year  become  photophilous  orthotropous  shoots.  If  now 
these  overwintering  shoots  are  stimulated  to  further  development  in  the 

^  Areschong,  Beitrage  zur  Biologie  der  geophilen  Pflanzen,  in  Acta  Univ.  Lnndensis,  xxxi  (1896). 

*  This  name  seems  more  suitable  than  Areschoug's  term  *  aerophilons,*  which  does  not  apply  to 
the  shoots  of  water-plants.  The  essential  point  is  that  a  shoot  sometimes  or  always  is  adapted  to 
darkness  or  to  light.  '  Skotophilous  *  might  be  used  for  geophilous  shoots y  and  more  appropriately, 
because  as  has  been  shown  (Part  I,  p.  332)  darkness  has  a  favourable  influence  upon  the  formation 
of  the  geophilous  potato-tuber,  and  also  upon  many  stolons. 

'  Goebel,  Ueber  den  Einfluss  des  Lichtes  auf  die  Gestaltung  der  Kakteen  und  anderer  Pflanzen,  in 
Flora,  Ixxzii  (1896),  p.  11.    The  plant  there  called  Circaea  alpina  is  C.  intermedia. 


Pig.  30^.  Polygonattim  maltifloniin.  Rhixome.  a,  bad 
for  the  epirad  shoot  of  the  next  year ;  d,  scar  of  the  ef ' — ' 
shoot  of  the  current  year ;  c,  d;  «  scars  of  epigeal 
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winter,  by  cultivation  in  a  higher  temperature,  certain  peculiar  phenomena  are 
observed.  The  point  of  the  shoot  which  ought  to  be  an  inflorescence 
becomes  a  stolon  which  again  pierces  the  soil,  and  this  may  take  place  after 
the  shoot  has  attained  a  height  of  many  centimeters  and  formed  a  number 
of  well-developed  leaves  (Fig.  308,  II).  The  appearance  of  the  shoots  above 
the  ground  also  may  be  quite  suppressed,  and  the  shoot,  instead  of  forming 
a  photophilous  shoot  with  foliage  and  flower,  may  continue  its  growth  as 
a  stolon  (Fig.  308,  I).  This  depends  in  general  upon  the  time  at  which  the 
plant  has  been  caused  to  *  shoot  out.'   The  later  this  happens  the  longer  time 

elapses  before  the  formation  of  the  stolon 
b^ins,  and  one  might  believe  that  one  had 
completely  normal  plants  under  examination 
which  were  prepared  to  form  flower,  until 
one  sees  the  tip  of  the  shoot  begin  to  bend 
downwards,  and  the  formation  of  stolons 
is  entered  upon — this  being  recognized  not 
only  by  the  changes  of  direction,  but  also  by 
the  elongation  of  internodes  and  the  like.  So 
long  as  these  stolons  remain  above  ground 
they  produce  foliage-leaves  only  which  are 
merely  smaller  than  usual,  but  when  they 
pierce  the  soil  kataphylls  are  produced^; 
in  the  axil  of  the  foliage-leaves  stolons  arise, 
which  are  commonly  produced  only  in  the 
seedling-plant. 

These  facts  will  bear  it  seems  to  me 
but  one  interpretation :  In  the  resting  geophi- 
lous  shoot,  processes  of  metabolism  take  place 
which  cause  it  to  become  negatively  geotropic 
when  it  shoots  out.  These  processes  require 
a  low  temperature  amongst  other  conditions.  If  one  raises  the  temperature 
prematurely,  that  is  to  say  before  the  metabolic  changes  about  which  we 
know  nothing  are  completed,  the  stolons  will  at  first  be  photophilous,  but  as 
they  contain  a  certain  amount  of  geophilous  substance  which  has  not  been 
used  up — if  one  may  use  this  expression  for  brevity — after  a  certain  time 
they  bend  down  again  to  the  soil.  There  appears  thus  an  inversion  of  that 
order  of  shoots  which  is  usual  in  plants  with  geophilous  shoots— the  geophilous 
shoots  arise  at  the  base  of  the  photophilous  ones,  an  arrangement  the 
advantage  of  which  does  not  require  any  explanation  2.  The  transformation 
of  primordia  of  photophilous  shoots  into  geophilous  ones  may,  moreover,  as 
has  been  proved  in  some  cases  ^  be  caused  also  by  the  early  removal  of  the 

>  See  Part  I,  p.  356.  »  See  also  Part  I,  pp.  215,  aai. 

"  This  is  easily  proved  by  water-cultures  of  Circaea. 


Fig.  508.  Circaea  intermedia.  I  and  II, 
portions  of  stoloniferoos  plants  whose  shoot- 
apex  becomes  geophilous. 
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primordia  of  the  geophilous  shoots,  just  as  on  the  other  hand  a  removal  of 
the  photophilous  chief  shoot  causes  ^  in  many  cases  the  geophilous  primordia 
in  the  year  of  their  formation  to  grow  out  into  photophilous  foliage-shoots. 

Depth  in  soil  of  Geophilous  Shoots.  It  is  the  alternation  in  the 
relationships  between  the  geophilous  and  photophilous  shoots  or  parts  of 
shoots  which  c^videxitXy  regulates  the  depth  at  which  the  geophilousshootsgrow*. 
Many  plants  have  indeed 
no  definite  depth  in  the 
soil  at  which  they  live  best 
because  their  geophilous 
parts  possess  no  power  of 
movement,  for  example,  the 
tubers  of  Corydalis  cava. 
But  most  of  them  have  the 
capacity  to  take  up  a  higher 
or  a  deeper  position  in  the 
soil,  whether  this  is  brought 
about  by  pull-roots  or  by 
a  change  in  their  geotropic 
sensitiveness. 

Folygonatum  multi- 
flonim.  Let  us  follow,  for 
example,the  development  of 
Folygonatum  multiflorum. 
The  short  fleshy  shoot  which 
is  formed  by  the  seedling- 
plant  is  at  first  erect  (Fig. 
309  to  the  left).  It  has  the 
duty,  which  is  performed 
usually  only  in  the  second 
year,  of  bringing  into  the 


Pig.  309.    Pol  vs^onatom  moltiflonim.    Ay  rhizome  placed  artificially 
higher  m  the  soil  than  the  normal  depth ;  its  continuation-shoot  has 


PolysTonatom  moltiflonim. 

BDtl   . 

By  rhizome  placed  deeper  than  the  normal  depth  : 


ZrOWn  downwards,      j^y  tuim^utsi  pia^cu  vic^cpci    uiau  1.11c  UMViueu.  uc;|«i.iJ  J 

Its  continnatlon-shoot  has  grrown  upwards.  The  dotted  lines  indicated 
from  ninA  and  B  point  to  the  annual  growths  in  the  rhizome.  C,  seed- 
ling plant.  To  the  right  the  seed  enclosing  the  haustorial  end  of  the 
cotyledon  ;  Hy  primary^  root ;  »,  lateral  rootlet  arising  within  the  axis 
of  the  shoot ;  a,  posterior  side  of  cotylar  sheath ;  v,  anterior  side  of 
same ;  d,  c.  kataphylls  on  the  axis  of  the  seedling.  A  and  B,  reduced. 
After  Rimoach.    C,  magnified.    After  Irmisch. 


light  the  foliage-leaf  which  follows  upon  the  kataphylls.  In  this  way  is  made 
possible  the  further  development  through  the  assimilative  activity  of  the 
foliage- leaf.  Subsequently  the  shoot,  which  is  at  first  monopodial,  penetrates 
the  soil*  and  grows  there  in  a  horizontal  direction  (transversely  geotropic), 


'  Goebel,  Beitnige  zur  Morphologic  nnd  Physiologic  dcs  Blattes,  in  Botanischc  Zcitong,  xxxviii 
(1880).  The  placing  in  darkness  of  the  orthotropous  chief  shoot  in  Circaca  suflficed  to  cause  the 
shoot  next  the  apex,  which  would  otherwise  have  been  plagiotropous,  to  become  orthotropous. 

•  See  Royer,  Flore  de  la  C6te  d'or,  p.  xx;  Rimbach,  Das  Tiefenwachstum  der  RJiizome,  in 
Fim&tiick*s  Beitrage  zur  wissenschaftlichen  Botanik,  iii  (1898),  p.  178.  P.  E.  MUller*s  view  of  the 
importance  of  earth-worms  in  bringing  about  the  sinking  of  rhizomes  in  the  soil  is,  to  my  thinking, 
exaggerated.    The  worm  will  only  sometimes  bring  the  rhizome  a  little  quicker  into  its  definite  depth. 

'  Investigation  is  required  as  to  whether  shortening  of  a  pull-root  does  not  take  the  germ-shoot 
into  the  soil. 

GOEBEL    II  H    h 
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and  as  it  strengthens  it  turns  upwards,  forms  foliage-leaves  ^  and  becomes 
photophilous,  whilst  a  geophilous  lateral  shoot  continues  the  rhizome.  If 
one  changes  the  depth  by  bringing  the  rhizome  nearer  the  surface  the 
continuation-shoot  grows  downwards  (Fig.  309,  A)  and  the  converse  is  the 
case  (Fig.  309,  .5). 

Similar  relationships  are  found  as  the  investigations  of  A.  Braun,  Irmisch, 
Warming,  and  others,  have  shown  in  other  tubers  and  rhizomes.  For  a  de- 
tailed account  of  these  relationships  I  cannot  find  space  here.  It  must  suffice 
if  I  merely  mention  this  remarkable  fact  that  the  depth  of  geophilous  shoots 
is  regulated  in  this  way : — during  the  strengthening  period  there  is  an  en- 
deavour through  apical  growth  directed  downwards  to  secure  a  definite 
*  normal  depth,'  the  retention  of  which  is  striven  for  amongst  higher  or  lower 
plants  by  changes  in  depth  either  upwards  or  downwards ;  the  action  of  pull- 
roots,  as  they  have  been  described  in  the  case  of  Arum  ^,  is  also  important  in 
relation  to  this.  The  r^ulation  of  the  depth  is  effected  through  the  influence 
of  the  processes  of  metabolism,  as  has  been  shown  to  be  probable  in  the  case  of 
Circaea.  All  geophilous  shoots  must,  so  far  as  they  are  not  saprophytes  or 
parasites,  send  assimilating  portions  into  the  light,  either  single  leaves  or 
foliaged  shoots.  Between  these  and  the  geophilous  shoots,  or  parts  of  shoots, 
there  exists  an  exact  regulating  correlating  relationship  which,  however,  we 
cannot  penetrate.  We  name  the  neutral  line  between  the  two  that  which  is 
exhibited  in  the  normal  depth.  If  the  lie  is  deepened  there  must  be,  as 
Rimbach  has  shown,  more  material  used  up  for  the  formation  of  photophilous 
parts  than  otherwise,  and  this  disturbance  of  the  balance  finds  its  expression 
in  a  change  of  geotropic  sensitiveness.  One  might  elaborate  the  picture 
further,  in  that  one  might  consider  that  the  bearers  of  the  positive  and  geo- 
tropic sensitiveness  are  separate  and  distinct  entities  which  by  the  capacity  of 
their  metabolism  can  increase  or  diminish  and  so  sometimes  hold  the  balance 
even,  whilst  at  other  times  they  might  give  a  preference  to  one  side  or  the 
other.  But  even  then  one  would  only  arrive  at  an  incomplete  picture  of 
phenomena  requiring  further  investigation. 

Photophilous  Shoots  in  the  soil.  The  photophilous  shoots  which 
are  laid  down  under  the  soil  show  different  adaptations  which  enable  them 
to  bore  through  the  soiP.  These  are  essentially  the  same  as  those  which 
are  found  in  many  seedling-plants,  for  example : — convex  bending  upwards  of 
the  axis  or  of  the  leaf-stalk,  which  facilitates  the  boring  through  the  soil  and 
the  drawing  out  of  the  leaves ;  protection  by  a  kataphyll,  like  the  coleoptile 
of  the  grasses,  in  erect  shoots  and  so  on.    Where  the  leaves  bore  through  the 

^  It  is  characteristic  that  the  foliage-leaves  arising  directly  upon  the  rhizome  are  here  stalked  as  in 
Paris.  Those  on  the  photophilous  shoots  are  sessile.  Another  example  of  the  phenomena  referred 
to  on  pp.  300,  39a  •  See  p.  270. 

'  See  Areschoug,  Beitrage  zur  Biologic  der  geophilen  Pflanzen,  in  Acta  Universitatis  Lundensis,  xxxi 

(1896). 
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soil  in  the  erect  position  we  find  the  parts  that  are  in  front  in  the  movement 
especially  arranged  to  facilitate  the  passage  through  the  earth.  This  is  seen 
in  the  leaf-tips  of  many  monocotylous  plants,  for  instance  in  Gagea  arvensis, 
where  the  apex  of  the  leaf  is  conical  and  is  somewhat  horny  at  the  tip,  whilst 
the  rest  of  the  leaf  is  flat.  But  I  have  no  room  for  a  description  of  these 
phenomena. 


THE  SHOOT  IN  THE  SERVICE  OF  REPRODUCTION 

I 

INTRODUCTION 

A.  Gemmae. 

Space  forbids  the  discussion  of  the  different  arrangements  which  we  find 
in  connexion  with  the  formation  of  gemmae,  but  there  are  two  illustrations 
which  may  be  quoted  to  show  the  connexion  between  form  and  function. 
One  of  them  is  from  the  domain  of  the  Pteridophyta,  the  other  from  the 
Spermophyta. 

Lyoopodinm.  Lycopodium  Selago  and  some  other  species  of  the  genus, 
for  example,  L.  lucidulum  and  L.  reflexum,  form  short  deciduous  shoots  or  gemmae, 
around  which  considerable  literature  has  collected  ^.  They  fall  off  as  small  leafy  shoots 
provided  with  the  primordium  of  a  root.  They  are  not,  as  is  usually  the  case,  abscised 
at  their  point  of  origin  from  the  chief  shoot,  but  separate  above  their  base,  and  the  lower- 
most part  of  the  shoot  remains  with  some  leaves.  The  point  at  which  they  fall  off 
(Fig.  310,  IV  at  i4)  is  prepared-^the  axis  of  the  shoot  is  here  thinner,  so  that  it 
easily  breaks  through.  What  then  is  the  significance  of  the  leaves  that  remain 
behind  ?  Formal  morphology  has  considered  it  sufficient  to  assume  that  the  anterior 
of  these  (Fig.  310,  II  .<4)  is  the  *axillant  leaf,*  which,  is  '  concrescent'  with  the  bud- 
shoot  developed  in  its  axil.  But  this  explanation  is  not  very  illuminating  because  the 
Lycopodineae  do  not  generally  possess  axillary  branches,  and  this  leaf  is  inserted 
higher  up  upon  the  axis  of  the  lateral  shoot  than  the  two  lateral  leaves.  To  me  it 
appears  that  the  lowermost  leaves  of  the  gemma  can  be  nothing  else  than  its  hud-scales. 
We  see  that  the  leaf  which  stands  on  the  outer  side  is  the  most  strongly  developed. 
It  is  concave  inwards,  and  forms  with  the  adjacent  leaves  of  the  mother-shoot  of  the 
bud  a  protective  cover  to  this  on  the  outside,  and  the  other  bud-scales  fit  in  with  it. 
By  the  elongation  of  the  shoot-axis  below  the  bud-scales  the  gemma  is  raised  up 
beyond  the  foliage-leaves,  and  can  thus  be  easily  distributed ;  and  indeed  the  bud- 
scales  evidently  help  in  this  distribution,  for  it  is  probable  that  an  abjection  of  the 
gemma  takes  place  here,  brought  about  by  the  pressure  which  its  first  two  leaves 


'  See  Hegebnaier,  Zar  Kcnntniss  der  Gattiing  Lycopodinm,  in  Botanische  Zeitung,  zxxii  (1874), 
p.  481.  As  regards  history — DiUenius,  Historia  muscomm,  p.  436,  tab.  56,  gave  a  good  description 
of  the  gemmae,  as  also  did  Hedwig,  Theoria  generationis  et  fructificationis  plantamm  OTptogamicamm 
Linnaei,  Lipsiae,  1797,  p.  11  a,  who  took  them  to  be  male  flowers. 
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exercise  upon  the  adjacent  leaves.     These  leaves  experience  a  certain  tension,  and 
when  this  is  released  the  gemma  can  be  cast  out  for  some  distance  ^, 

The  first  leaves  of  the  genuna  possess  a  peculiar  conformation.  They  are  at 
first  filled  with  reserve-material,  and  facilitate  therefore  rapid  further  development  in 
the  germination.  Then  the  first  two  lateral  leaves,  whose  surface  is  originally  vertical, 
experience  a  torsion  whereby  their  flat  sides  are  turned  upwards  (Fig.  310,  III)'. 
At  the  same  time  these  leaves  are  asymmetric^  as  the  course  of  their  mid-nerve,  which 

is  but  slightly  developed,  shows.  The 
asymmetry  evidently  depends  upon  the 
almost  horizontal  position  of  the  gemma, 
which  diverges  gready  from  the  erect 
growth  which  all  other  shoots  of  Lyco- 
podium  Selago  have.  The  torsion  of 
the  leaves  enables  them  to  make  use 
of  the  light  better  •.  Evidendy  a  part  of 
the  food-material  accumulated  in  the 
bud  is  produced  by  its  own  activity. 

It  is  interesting  to  see  here  how 
under  definite  conditions  a  configuration 
appears  which  is  found  generally  in  the 
plagiotropous  shoots  in  another  species 
of  the  same  genus.  The  large  flat  leaves 
of  the  gemma  may  further  serve  also 
as  a  kind  of  parachute,  and  thus  aid  the 
distribution.  Altogether  the  gemmae 
exhibit  marked,  and  in  more  than  one 
relationship,  excellently  constructed 
organs  for  spreading;  the  special  fea- 
tures are : 

1.  The  construction  of  the  shoot- 
axis — basal  portion  to  raise  up  the  gem- 
ma, point  of  rupture  higher  up. 

2.  The  leaf-formation — bud-scales 
which  persist  and  serve  as  agents  in  the  abjection ;  storage-leaves ;  torsion  of  the 
first  two  leaves. 

With  regard  to  the  origin  of  the  gemmae,  according  to  Hegelmaier  they  arise 
at  the  position  where  otherwise  a  leaf  would  have  developed.  The  morphological 
explanation  of  this  behaviour  must  be  passed  over  here.  I  would  only  say  that  it 
appears  easy  to  understand  that  the  slender  gemma  from  the  outset  would  take  up 
a  smaller  space  on  the  apex  of  the  shoot  than  the  strong  dichotomous  shoot.    The 


Fig.  31a    Lycopodii 
the  sammit  of  a  dichotomy, 
the  oater  sides  of  the  shoots  only. 


Selajro.      , 

r.    Br^  gemmae  standine  all  on 

s  only.    II.  portion  of  the  apex 

of  a  shoot  in  transverse  section.    The  leaves  of  the  gemmae 


I,  view  from  above  of 
immae  standine 

II,  portion  of  the  apex 


are  shaded.  A^  anterior  leaf  in  the  gemmae.  III.  gemma 
in  transverse  section ;  the  storage-leaves  are  shaded.  IV, 
ranma  in  longitadinal  section.  A^  line  of  separation; 
T^  primordiom  of  a  root. 


*  In  favour  of  this  it  may  be  noted  that  the  two  bud-scales  right  and  left  of  the  gemma  cnrl 
inwards  concavely  after  the  gemma  has  been  set  free.  Mr.  F.  Lloyd  informs  me  orally  that  he  has 
seen  the  abjection. 

'  See  Part  I,  p.  105,  where  a  like  phenomenon  is  described  in  Lycopodiom  alpinnm. 

'  See  also  what  has  been  said  above  about  the  effect  of  pressure. 
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gemmae  are  not  disposed  all  round  the  shoots,  but  are  arranged  unilaterally  (see 
Fig.  310, 1).  The  side  upon  which  the  gemmae  stand  appears  to  me  to  be  always 
the  au/er  side  with  regard  to  the  whole  stock  (see  Fig.  310, 1).  In  two  shoots  of 
a  fork  which  bear  gemmae  the  gemmae  will  not,  or  will  only  exceptionally  ^  stand 
upon  the  sides  of  the  shoots  which  are  turned  towards  one  another.  We  have  here, 
it  seems  to  me,  one  of  those  frequent  cases  of  furthering  of  the  outer  side  to  which 
I  have  several  times  referred. 

Finally  it  may  be  mentioned  that  the  formation  of  the  gemmae  takes  place  under 
conditions  other  than  those  under  which  the  sporangia  appear.  We  find  them  chiefly 
on  the  upper '  part  of  the  year's  shoot.  The  leaves  in  this  part  have  no  sporangia, 
or  only  aborted  ones,  in  their  axils.  Subsequently  sporangiferous  leaves  are  formed. 
The  conditions  under  which  the  two  kinds  of  organs  develop  have  yet  to  be  deter- 
mined experimentally.  Adaptations  like  those  which  have  been  so  briefly  depicted 
are  found  in  many  Spermophyta.  The  gemmae  of  Lycopodium  are  distinguished  by 
no  very  great  characters  from  the  duidils  of  many  species  of  Allium  and  Lilium. 

Bemusatia  Vivipara.  This  aroid  bears,  as  has  long  been  known,  a  mis- 
leading descriptive  specific  name.  There  is  no  '  vivipary,'  that  is  to  say,  continuous 
development  of  the  seed,  without  a  resting  period;  there  is  only  the  formation  of 
gemmae.  The  gemmae  arise  characteristically  on  kataphyllary  shoots^  which  are 
orihotropotis  and  stand  up  from  the  far-creeping  stolons.  The  gemmae  are  small 
tuberous  shoots  which  easily  fall  oflF.  Their  outer  leaves  are  kataphylls  and  have 
hooked  incurved  leaf-tips,  so  that  the  genmiae  can  be  easily  distributed  by  animals, 
which  their  position  on  orthotropous  shoots  makes  easier  than  it  would  be  were  they 
to  spring  from  shoots  on  the  surface  of  the  soil.  It  appears  that  the  propagation  of 
this  plant  by  gemmae  far  outstrips  that  by  seed,  at  least  imder  certain  conditions  *. 

The  relationships  of  configuration  of  the  gemmae  to  their  function  as 
organs  of  distribution  is  evident  without  further  comment  in  the  cases  men- 
tioned above,  but  we  do  not  know  the  conditions  for  their  formation. 

Whilst  I  pass  over  with  this  brief  mention  these  gemma-shoots,  I 
must  give  a  very  full  account  of  the  formation  of  the  flower. 

B.    The  Flower. 

I  understand  here  by  the  term  'flower*  a  shoot  beset  with  sporophylls^ , 

that  is  to  say,  leaves  bearing  sporangia.     Such  a  shoot  consists,  as  do  all 

shoots,  of  two  parts :  an  axis — here  ^^^  flower-axis — and  the  leaves  of  which 

in  the  flower  there  are  two  kinds,  the  essential  ones  which  are  the  sporophylls — 


^  I  found  such  an  exception  in  a  shoot  whose  twin,  that  is  the  other  one  belonging  to  the  same 
dichotomy,  was  arrested  at  an  early  period.    Upon  it  the  gemmae  were  disposed  radially. 

^  Using  the  ordinary  expression ;  to  me,  however,  this  part  seems  rather  the  imder. 

'  These  are  distinguished  anatomically  by  an  early  development  of  cork. 

*  Wight,  Icones  Plantaram  Indiae  Orientalis,  iii.  Pi.  900,  says  that  the  seed-bearing  form  is 
'exceedingly  rare'  at  Courtallum,  where  the  form-bearing  gemmae  is  abundant  Probably  seed- 
bearing  takes  place  under  other  conditions  than  that  of  gemma-formation.  In  plants  cultivated 
in  plant-houses  the  formation  of  gemmae  takes  place  regularly. 

'  This  expression  was  originaUy  used  by  Schleiden,  but  has  only  come  into  general  use  within 
recent  years. 
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sometimes  only  one  in  number— and  the  unessential  ones^  which  are  frequently 
absent,  and  are  the  leaves  which  form  the  envelope  of  the  flower. 

The  flower  is  a  shoot  of  limited  growth  in  a  number  of  Pterido- 
phyta,  and  in  all  Spermophyta  with  the  exception  of  the  female  flower  of 
Cycas^.  Consequently  in  many  the  flower-axis  is  only  slightly  visible.  It 
is  sometimes  entirely  used  up  in  the  formation  of  the  one  or  many  sporo- 
phylls  in  the  case  of  the  Angiospermae,  a  fact  the  n^Iect  of  which  has  led 
to  many  false  deductions.  From  this  definition  of  the  flower,  which  is  based 
upon  the  results  of  Hofmeister's  comparative  investigations  into  the  history 
of  development,  it  follows  that  the  old  Linnean  conception  of  the  *Crypto- 
gamae*  as  flowerless  plants  is  untenable,  because  we  must  speak  of  the  flower 
of  the  Pteridophyta  if  the  portion  of  the  shoot  which  bears  the  sporophylls 
is  different  from  the  vegetative  shoot,  as  is  the  case  when  the  sporophylls  are 
not  mixed  up  with  the  foliage-leaves,  but  are  confined  to  definite  r^ions  of 
the  axis  of  the  shoot.  As  in  the  case  of  all  groupings  and  definitions,  how- 
ever, it  is  a  matter  of  subjective  opinion  where  one  will  draw  the  limit.  It 
will  be  hardly  necessary,  for  example,  to  designate  as  'flower*  the  sporiferous 
portion  of  the  shoot  which  is  developed  in  r^jular  alternation  with  the 
foliage-leaves  in  the  fern  Onoclea  Struthiopteris.  If  we  do  this  in  the  case 
of  the  genus  Cycas,  where  quite  similar  relationships  occur,  it  is  only 
because  in  the  other  Cycadaceae  the  flower  is  sharply  marked  off"  from  the 
vegetative  shoot,  and  also  upon  comparative  grounds.  Moreover  we  find  in 
the  rudimentary^  flower  of  the  Pteridophyta  all  stages  from  the  ordinary 
configuration  of  vegetative  shoots^  up  to  flowers  which,  like  those  of  Equise- 
tum,  are  large,  and  have  for  long  been  recogfnized  as  having  a  resemblance 
to  the  male  flowers  of  many  Gymnospermae*. 

If  one  wishes  to  construct  a  picture  of  the  origin  and  development  of 
the  flower  one  must  start  from  the  flower  of  the  Pteridophyta,  Such  a  con- 
struction can  only  be  a  probable  one  for  evident  reasons.  I  shall  here  only 
indicate  some  general  points  which  must  be  taken  into  consideration  in 
regard  to  this. 

I.  The  arrangement  of  the  sporophylls  on  the  shoot  differs  in  many 
Pteridophyta  from  the  arrangement  of  the  foliage-leaves  upon  the  shoot. 
Both  evidently  were  alike  to  begin  with.     Two  possibilities  are  offered  to  us  : 

{a)  The  arrangement  of  the  sporophylls  is  the  original  one,  that  of  the 
foliage-leaves  has  been  derived  ; 

{b)  The  converse  is  the  case. 

It  is  commonly  held  that  the  second  alternative  is  the  correct  one. 
I  shall  recur  to  this  subject  when  I  speak  of  the  flower  of  Selaginella. 


*  Also  Dacrydium  Colensoi  (?),  see  Fig.  348. 

'  Using  this  tenn  in  Sachs*  sense. 

'  The  sporophylls  frequently  resemble  the  foliage-leaves  in  this  group. 

^  See  Von  Mohl,  Vermischte  Schriften  botanischen  Inhalts,  Tiibingen,  1845,  p.  96. 
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%,  In  any  comparison  of  the  flower  of  Pteridophyta  with  that  of  Sper- 
mophyta  the  heterosporous  Lycopodineae  and  Isoetaceae  must  be  taken 
account  of,  especially  because  in  them,  more  than  in  the  heterosporous 
Filicineae,  we  can  speak  of  flower.     In  them  : 

{a)  The  microsporophylls  and  m^asporophylls  of  the  flower  appear 
in  relatively  large  *  indefinite  *  number. 

(b)  The  megasporophylls  are  less  numerous,  for  instance,  in  Selaginella^. 

{c)  A  separation  between  male  and  female  flowers  has  not  been 
discovered  in  any  living  Pteridophyta.  We  meet  with  only  an  occasional 
indication  of  it  in  Selaginella.  Herma- 
phrodite flowers,  at  least  in  the  morpho- 
logical sense,  are  therefore  the  primitive 
type.  But  if,  for  example,  we  tried  to 
derive  by  arrest  the  unisexual  flowers 
of  the  Gymnospermae  from  hermaphro- 
dite flowers  because  Welwitschia  shows 
in  the  male  flowers  the  rudiment  of  a 
female  organ,  or  if  we  tried  the  converse, 
we  should  be  speculating  upon  very 
insecure  foundation,  because,  in  the  first 
place,  the  Gymnospermae  certainly  are 
no  single  group,  and  secondly,  the  separa- 
tion of  the  flowers  into  male  and  female 
may  have  taken  place  in  their  pterido- 
phytous-like  ancestors.  One  must  not 
judge  of  all  forms  by  one. 

Hermaphrodite  flowers  occur  now  occa- 
sionally as  a  *  variation  *  in  the  Gjonnospemiae. 
I  found  them  in  hundreds  in  an  example  of 
Pinus,  probably  P.  maritima*.  The  male 
flowers  standing  near  the  apex  of  the  twig 
in  this  example  were  transformed  into  female  ones.  At  the  point  of  transition 
I  found  not  infrequently  a  stamen  with  a  rudimentary  ovuliferous  scale  in  its  axil 
(Fig.  311,  x\  Such  a  flower  might  serve  in  phyletic  speculation  as  the  type 
of  a  very  simply  constructed  hermaphrodite  spemiophytous  flower  from  which 
by  reduction,  concrescence,  and  transformation  of  single  parts  pretty  well  every- 
thing might  come.  But  as  regards  this  I  will  only  point  out  briefly  here  that 
the  separation  of  the  flowers  into  male  and  female  has  in  the  case  of  some  plants 
resulted  in  their  different  arrangement  upon  the  plant  In  Pinus  the  male  flowers 
stand  in  the  position  of  short  shoots,  the  female  in  the  position  of  long  shoots. 
The  biological  reason  for  this  is  clear.  The  short  shoots,  as  we  have  already  seen, 
are  retarded  formations  compared  with  the  long  shoots ;  they  are  worse  nourished 


Fig.    311.      Pinas  maritima. 


Androgynous 
iiwwc«  111  ivugi^uuiu<u  scvuuuj  x^  microsporo* 
phyll  with  rudimentary  ovuliferous  scale  in  its 


flower  in  longitudinal  section 


axiL    Magnified. 


^  The  reason  for  this  is  obvious.      *  At  Majori.  Analogous  cases  are  often  described  in  the  literature. 
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than  are  the  long  shoots,  which  occur  at  the  most  favourable  position  for  nutrition 
at  the  end  of  the  shoots.  That  the  female  shoots  should  occupy  this  position  is 
of  importance  in  view  of  their  long-continued  further  development  in  connexion 
with  formation  of  seed,  whilst  the  male  flowers  soon  fall  away.  Similar  relation- 
ships are  found  in  Juglans,  Fagus,  Quercus,  Corylus,  and  elsewhere.  The  different 
position  occupied  by  the  male  and  female  flowers  in  the  system  of  shoots  in  these 
genera  may,  I  think,  be  explained  in  this  way:  the  female  flowers  appear  in  the 
region  of  the  shoot  which  is  best  nourished.  In  herbaceous  plants  such,  differences  do 
not  appear,  and  there  is  absent  amongst  them  also  the  polar  differentiation  of  the 
annual  shoots.  We  can  understand  therefore  why  the  formation  of  the  herma- 
phrodite flowers  in  Pinus  described  above  appeared  in  the  upper  male  flowers,  and 
similarly  that  there  is  no  reason  why  in  the  Pteridophyta  the  male  and  female 
flowers  should  have  a  different  place  of  origin. 

In  the  following  pages  we  shall  first  of  all  deal  with  the  formation  of 
flowers  and  sporophylls  in  the  Pteridophyta,  and  I  may  point  out  now  that 
the  conformity  in  habit  of  the  male  flowers  of  the  Gymnospermae  with  the 
flowers  of  Selaginella  and  Equisetum  is  clearly  connected  with  the  fact  that 
in  all  of  them  distribution  of  the  spores  takes  place  by  the  wind,  whilst  the 
configuration  of  the  sporophylls  is  readily  understood  when  it  is  regarded 
as  having  a  special  relation  to  the  construction  of  the  bud  of  the  flower. 

Begarding  Terminology.  The  place  upon  the  sporophyll  at  which  the 
sporangia  arise,  especially  if  these  are  in  numbers,  differs  frequently  from  the  rest 
of  the  sporophyll.  We  designate  this  spot  X\iQ  placenta,  and  its  function  is  to  enable 
the  sporangia  to  obtain  a  larger  amount  of  nourishment  ^  We  can  understand 
therefore  why  solitary  sporangia  do  not  sit  upon  a  placenta.  They  are  found  in 
Ceratopteris,  the  Schizaeaceae,  Osmundaceae.  The  expression  'receptacle,'  which 
is  often  used  for  the  point  of  origin  of  the  sporangia,  is,  I  think,  unnecessary.  The 
designation  placenta,  which  comes  from  the  Spermophyta  and  took  origin  in  a  false 
comparison  with  the  animal  kingdom,  is  now  so  commonly  used  that  it  can 
scarcely  be  ousted.  We  use  it  according  to  the  above  definition  in  a  biological, 
that  is  to  say  a  functional,  sense,  and  its  use  simplifies  the  nomenclature. 

II 
THE  SPOROPHYLLS  AND  FLOWER  OF 
THE  PTERIDOPHYTA 
A.     GENERAL  FEATURES  OF  THE  SPOROPHYLLS, 

We  have  assumed  that  the  spore-bearing  organs  of  the  Pteridophyta 
and  Spermophyta  are  produced  by  the  leaf-organs  which  are  designated 
sporophylls.  In  how  far  the  microsporangia  or  megasporangia  of  the  Sper- 
mophyta take  their  origin  always  from  microsporophyll  or  megasporophyll 
will  be  explained  when  speaking  of  the  formation  of  their  flower. 

^  Especially  by  storing  up  food-material,  which  afterwards  can  be  used  in  the  development  of  the 
sporangia. 
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In  the  Pteridophyta  the  origin  of  the  sporangia  from  leaf-organs  is 
almost  everywhere  conspicuous.  They  stand  in  the  Filicineae  mostly  upon 
the  under  side  or  upon  the  margin  of  the  leaf,  in  the  Lycopodineae  upon 
the  upper  side  of  the  sporophyll,  in  Equisetum  uniformly  around  it. 

In  Selaginella  alone  do  the  sporangia  arise  upon  the  vegetative  point 
of  the  shoot  immediately  above  the  primordium  of  the  sporophyll,  and  this 
is  the  case  also  in  Selaginella  spinulosa,  although  some  authors  have  said 
that  the  sporangia  are  leaf-borne  in  this  species  ^.  Hypothetically  the  leaf- 
borne  origin  of  the  sporangia  might   be  explained  either  by  supposing  a 

*  displacement,'  or  that  in  consequence  of  the 
relatively  early  appearance  of  the  primordia 
of  the  sporangia  the  cell-layers  out  of  which 
they  arise  (Fig.  3  u,  5, 6, 7, 8)  would  be  drawn 
into  the  formation  of  the  leaf  if  the  formation 
of  the  sporangia  did  not  begin,  but  this  picture 
must  remain  purely  conjectural  until  it  is 
proved  that  the  primordia  of  the  sterile  leaves 
of  Selaginella  do  really  extend  gradually 
upwards.  The  whole  question  has  lost  inter- 
est since  we  have  recognized  that  the  place 
of  origin  of  an  organ  is  not  critical  for  its 

*  morphological  *  significance. 

The  function  of  the  sporophyll  is  not 
only  to  produce  the  sporangia  but  also  to 
protect  them  in  their  youth,  to  aid  in  the 
scattering  of  the  ripe  spores — in  seed-plants 
to  promote  pollination  and  fertilization.  It  is  easy  to  prove  in  many  cases 
that  the  conformation  of  the  sporophyll  has  a  relationship  to  these  functions, 
and  this  is  evidently  the  reason  why  frequently  its  configuration  differs  so 
markedly  from  that  of  the  foliage-leaves.  In  considering  therefore  the 
sporophylls  from  the  organographical  standpoint  we  have  to  seek  for  an 
answer  to  two  distinct  questions : 

1.  The  biological  one — in  what  relationship  does  configuration  stand  to 
function  ? 

2.  The  purely  morphological  one — in  what  genetic  relationship  do  the 
sporophylls  stand  to  the  foliage-leaves  ? 

We  might  add  a  third  question,  namely — what  are  the  efficient  causes 
of  the  configuration,  especially  in  cases  where  the  sporophylls  diverge  far 
from  the  foliage-leaves  ? 

To  answer  this  third  question  we  have  not  at  present  the  necessary 


Fig.  312.  Selaginella  spinalosa.  Yoang 
sporoph^^U  with  pnmordia  of  sporangia,  S^ 
in  lontntadinal  section.  Magnified  460. 
After  Glack. 


^  Goebel,  Beitrage  znr  vergleichendeii  Entwicklnngsgeschichte  der  Sporangien,  in   Botanische 
Zeitnng,  xzzriii  (1880},  p.  561;  Gliick,  Die  Sporophyllmdtamorphose,  in  Flora,  Ixxx  (1895),  p.  355. 
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foundation.  The  answer  to  the  other  two  is  possible,  although  here  also  we 
have  not  yet  the  insight  which  is  to  be  desired 

Biological  relationships  scarcely  give  us  the  cause  of  differences  ;  and 
indeed  only  the  arrangements  which  serve  for  the  protection  of  the  sporangfia 
are  the  biological  ones  which  have  been  mainly  considered,  although,  as  we 
now  know,  there  are  relationships  of  configuration  which  are  connected  with 
the  distribution  of  the  spores. 

Biological  Relationships  of  Sporophylls.  Amongst  the  Pteri- 
dophyta  the  sporophylls  present  striking  differences  according  as  the 
distribution  of  the  spores  takes  place  by  water  or  through  the  air.  The  dis- 
tribution through  water  occurs  in  the  case  of  the  sporophylk  of  the  Mar- 
siliaceae,  and  these  externally  are  very  like  the  fruits  of  many  Spermophyta. 
They  owe  their  conformation  to  the  circumstance  that  they  are  adapted  to 
pass  through  a  resting  period  ^.  They  have  the  sporangia  sunk  within  the 
sporocarpy  and  the  tissue  of  the  sporocarp  is  so  arranged  that  it  is  only  upon 
the  entrance  of  a  quantity  of  water  that  the  opening  of  the  sporocarp  is 
effected  by  the  swelling  of  the  tissue  whose  function  it  is  to  do  so.  The 
advent  of  water  is  also  necessary  for  the  germination  of  the  spores.  Sporo- 
phylls which  produce  spores  that  are  scattered  by  the  wind  facilitate  the 
process  of  shedding  by  their  position ;  for  example,  in  Aneimia,  Onoclea 
Struthiopteris,  Helminthostachys  (Fig.  319),  and  others,  the  sporophylls  are 
erect  and  projected  beyond  the  vegetative  parts,  an  arrangement  which  is 
repeated  in  the  strobili  of  the  Lycopodineae  and  other  forms.  The  diminu- 
tion in  the  amount  of  the  assimilating  tissue  in  many  sporophylls  relatively 
to  the  foliage- leaves — and  in  some  cases  this  goes  so  far  that  the  assimilation- 
tissue  disappears  altogether — will  also  make  more  easy  the  scattering  of  the 
spores.  In  the  configuration  of  the  sporophyll  too  less  specialized  arrange- 
ments for  the  distribution  of  spores  are  needed  the  more  spores  there  are 
formed,  or  the  easier  these  can  acquire  favourable  conditions  of  germination  \ 

Whilst  there  can  be  no  fundamental  difference  of  opinion  regarding 
these  relationships,  it  is  otherwise  with  regard  to  the  interpretation  of 
morphological  points  involved  in  the  relationship  of  the  sporophylls  to  the 
foliage-leaves. 

Relationship  of  Sporophylls  and  Fertile  Leaf-parts  to 
Foliage-leaves.  The  close  relationship  of  the  two  is  clear.  In  many 
cases  they  are  entirely  alike  in  their  configuration,  for  example,  in  Aspidium 
Filix-mas,  and  many  other  Leptosporangiate  Filicineae.  In  others  there  are 
gradual  transitions  from  ordinary  foliage-leaves,  which  are  at  the  same  time 
sporophylls,  to  leaves  which  are  sporophylls  alone — transitions  which  we 
know  also  to  occur  between  foliage-leaves  and  hypsophylls,  and  tendrils. 


^  In  this  period  protection  against  drought  is  wtiat  is  required. 

'  A  like  relationship  mutatis  mutandis  has  been  already  pointed  out  in  the  case  of  the  archegonia. 
See  p.  aia. 
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and-bud  scales,  and  storage-leaves.  After  the  analogy  of  these  it  seems  fair 
to  conclude  that  the  sporophylls  also  are  merely  more  or  less  transformed 
foliage-leaves,  and  we  have  seen  further  that  the  history  of  the  development 
of  the  sporophyll  conforms  oftan  during  a  long  period  with  that  of  the  foliage- 
leaves  ;  besides,  we  can  experimentally  cause  the  primordia  of  sporophylls  to 
develop  into  foliage-leaves  if  we  destroy  or  suppress  the  formation  of  sporangia. 
This  happened  in  the  cases  of  Onoclea  Struthiopteris  ^  and  Selaginella 
mentioned  above  ^ 

Experimental  Proof  in  Onoolea  Strathiopteris.  The  mature  sporophylls 
of  Onoclea  are  very  different  from 
the  foliage-leaves;  they  are  much 
smaller,  quite  erect,  their  differen- 
tiation of  tissue  and  their  external 
segmentation  come  to  maturity 
much  more  rapidly  than  in  the 
foliage-leaves.  The  plant  is  especially 
favourable  for  research  because  the 
sporophylls  alternate  regularly  with 
foliage -leaves.  Every  year  there 
arises  at  the  beginning  of  the  vege- 
tative period  a  number  of  foliage- 
leaves,  and  at  its  end,  so  soon  as  the 
plant  is  strong  enough,  a  number  of 
sporophylls.  If  now  all  the  foliage- 
leaves  be  removed  from  a  plant  whose 
sporophylls  are  not  yet  mature,  folia- 
tion of  the  sporophylls  may  be  caused, 
that  is  to  say,  the  primordia  of  the 
foliage-leaves  are  checked  in  their 
development  to  sporophylls  and  de- 
velop further  as  foliage-leaves.  The 
most  various  intermediate  stages  be- 
tween sporophylls  and  foliage-leaves 
are  thereby  produced,  and  one  of 
these  is  represented  in  Fig.  313.  It 
might  be  said  teleologically  that  the  plant  sacrifices  its  propagative  organs 
in  order  to  preserve  its  vegetative  condition. 

Experimental  proof  in  Selaginella.  Selaginella  offers  a  second  case 
in  which  a  correlation  between  the  formation  of  sporangia  and  the  configfura- 
tion  of  the  sporophyll  diverging  from  that  of  the  foliage-leaf  has  been 

1  Goebel,  Ober  kiinstliche  Vergriinung  der  Sporophylle  von  Onoclea  Strathiopteris,  Hoffm.,  in 
Berichte  der  deutschen  botanischen  GeseUschaft,  y  (1887),  p.  Ixix.  Atkinson  repeated  this  reiearch 
with  the  same  results  in  the  case  of  Onoclea  sensibilis.  '  See  Part  I,  p.  a  16. 


Fig-  3^ 

the  normal  sterile  portion 

^-     3-5-  Onoclea  Stnithiopteria. 

foliaee-leaf  and  a  sporophyll 


X.    I  and  2.    Botrychiam  Lonaria.    Pinnae  of 
11  sterile  portion  ol  tb 

•liage-lcj 
A  and  5.1.^^ 
degrees.    Rednced. 


the  leaf  bearing  sporangia, 

rteria.    3,  leaf  between  a 
produced  experimentally. 
anB  5,  pinnae  which  fiave  become  sterile  in  different 
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experimentally  proved^.  The  qx>raiigia  in  this  genns  are  arranged  in  q>ike- 
like  stfobilL  If  these  are  cut  off  and  used  as  cuttings  they  grow  out  vegeta- 
tively,  and  the  contrast  between  the  two  forms  is  very  marked  because  the 
strobili  in  most  species  of  Selaginella  are  isophylloos,  whilst  the  vegetative 
shoots  are  anisophylloos^.  The  sporangia  abort  in  the  upper  part  of  the 
strobilus  which  is  used  as  a  cuttii^,  and  the  leaves  upon  the  newly  formed 
portion  of  the  shoot  take  on  the  ordinary  form  of  the  foliage-leaf. 

The  features  thus  artificially  produced  appear  spontaneously  in  nature. 
Sometimes  sporophylls  show  a  partial  virescence,  that  is  to  say,  may  s^pear 
to  have  a  vegetative  formation,  sometimes  parts  of  foliage-leaves  which  nor- 
mally  bear  no  sporangia  occasionally  produce  these  and  assume  then  quite 
the  configuration  of  sporophylls.    We  may  quote  as  an  example : 

Botryohium  Lmuuris.  The  sporophyll  arises  upon  the  upper  side  of 
the  sterile  leaf  in  this  plant  It  is  richly  branched,  and  the  sporangia  arise 
at  the  end  of  a  vein  on  its  margin  somewhat  approaching  the  upper  side.  If 
we  compare  a  large  number  of  examples  we  shall  find  that  the  difference 
between  the  sterile  and  fertile  portion  of  the  leaf  is  not  constant,  although 
in  the  majority  of  cases  it  is  sharply  marked.  The  variations,  however,  take 
different  directions.  The  normally  fertile  portion  of  the  leaf,  the  sporophyll, 
may  become  entirely  or  partially  sterile,  or  the  sterile  portion  of  the  leaf  may 
become  entirely  or  partially  fertile.  In  both  cases  there  are  intermediate 
forms  such  as  are  shown  in  Fig.  313,  i  and  2.  On  these  it  may  be  clearly  seen 
that  the  more  the  sporangia  appear  the  more  is  there  a  division  of  the  leaf 
into  single  segments,  and  the  more  do  the  leaf-lobes  elongate  and  narrow. 
The  sporangia  are  in  these  cases  normal,  and  one  cannot  therefore  speak  of 
a  malformation  associated  with  a  destruction  of  the  function,  as  is  the  case 
in  the  phyllody  of  ovules. 

These  facts  furnish  irrefragable  proof  that  there  is  a  causal  connexion, 
which  we  call  correlation,  between  the  formation  of  the  sporangia  and  the 
divergent  configuration  of  the  sporophyll ;  and  if  we  read  into  this  further 
and  say  that  the  sporophyll  arises  from  an  earlier  or  later  transformation  of 
the  primordium  of  a  foliage- leaf,  this  is  founded  upon  the  fact  that  in  all  known 
Pteridophyta  and  Spermophyta  the  foliage-leaves  appear  first  in  the  course 
of  the  development  and  are  followed  by  the  sporophylls.  It  by  no  means 
follows  that  we  must  interpret  this  process  as  also  phyletic  \    The  reasons 

*  See  Goebel,  Behnige  znr  Morphologie  nnd  Phjiiologie  det  Blattes,  in  Botanische  2>itiing, 
xxxriii  ( 1 880),  p.  8a i;  Behrens,  Vber  RegeneratioQ  bd  deo  SeUginelleo,  in  Flora,  UzzIt  (Eigiinzangs- 
band  znm  Jabrgang  1897),  p.  165.    The  literature  is  dted  here. 

*  See  p.  506. 

'  Many  anthori  who  have  dealt  with  these  qnestions  do  not  separate  these  two  sides  of  the 
question.  What  I  have  been  speaking  of  aboYe  is  based  npon  the  relationships  as  we  see  them 
now.  It  does  not  touch  questions  of  phyletic  speculation.  So  long  as  we  know  so  little  about  the 
things  that  surround  us,  it  will  be  more  profitable  to  go  more  into  their  Ufe-^xmditions  before  exorcising 
the  shades  of  the  past.  There  is  nothing  in  the  way  of  the  assumption  that  originally  all  leaves  were 
sporophylls,  and  that  the  formation  of  sporangia  was  introduced  at  a  stage  in. the  life  which  was 
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which  have  made  it  probable  that  the  sporophylls  are  phyletically  the  older 
will  be  spoken  of  when  the  sporangia  are  discussed^. 

The  interpretation  of  the  sporophylls  as  transformed  foliage-leaves  sup- 
poses that  they  conform  to  foliage-leaves  or  parts  of  foliage-leaves  in  their 
position  and  their  origin.  This  appears  in  many  cases  but  not  in  all.  That 
the  sporophylls  conform  to  the  foliage-leaves  in  their  position  requires 
no  illustration  here.  It  is  well  known  and  seen  everywhere.  But  the  con- 
formation of  the  sporophylls  to  the  foliage-leaves  or 
parts  of  foliage-leaves  in  respect  of  their  origin  is  of  special 
importance  for  the  theoretical  interpretation  of  the  sporo- 
phyll. 

In  the  Lycopodineae,  Equisetineae,  the  Marattiaceae, 
Polypodiaceae,  Gleicheniaceae,  most  Schizaeaceae,  Osmun- 
daceae,  the  sporophylls  do  not  differ  in  position  and  origin 
from  the  foliage-leaves. 


Fig.  314.  Schiraea 
rnpeitris.  Sporophyll. 
Natural  sue. 


Fig.  315.  Schisaearnpestris.  Apezof  sporophyll  in  profile;  •Si-.Sit  primordia 
of  fertile  pinnules.    Magnified. 


Sporophylls  and  fertile  leaf-parts  as  new  formations.  In 
Schizaea,  the  Marsiliaceae  and  Ophioglossaceae  we  find  that  they  do  differ  ; 
the  sporophylls  or  the  fertile  leaf-part  cannot  be  traced  back  to  a  transfor- 
mation of  a  sterile  portion  of  a  leaf,  but  they  are  really  new  formations^ 
which  have  no  representation  on  the  sterile  leaves.  The  following  examples 
will  illustrate  this : — 

(I)    Leptosporangiate  Filicineae. 
Schizaeaceae.    In  this  family  the  relationships  are  the  simplest  in  so 

later  the  larger  the  dimensions  attained  by  the  sporophyte.  We  have  indeed  before  now  seen  that 
even  in  the  seedling-plant  the  confignration  may  be  changed  by  adaptation.  As  in  plagiotropous 
seedlings  of  ivy  the  orthotropons  shoots  proceed  from  the  plagiotropous  ones,  although  it  is  in  the 
highest  degree  probable  that  the  orthotropons  are  phyletically  the  older,  so  also  at  the  present  day 
the  sporophylls  proceed  from  the  foliage-leaves.  *  See  p.  51a 


Digitized  by 


Goo^^ 


478 


THE  SPOROPHYLLS  OF  PTERIDOPHYTA 


far  as  the  sporophylls  although  new  formations  appear  in  the  same  position 
as  do  sterile  leaf-parts  elsewhere.  We  may  first  of  all  discuss  the  case  of 
Schizaea. 

Sohizaea  Bupestris.  I  have  examined  Schizaea  rupestris  which  I 
collected  in  Australia.  The  sterile  leaf  is  here  elongated,  linear,  and  traversed 
by  a  single  nerve.  It  grows  by  means  of  a  two-sided  apical  cell.  No  branch- 
ings are  laid  down.  The  fertile  leaf  (Fig.  314)  bears  at  its  apex  a  number 
of  pinnules  which  produce  sporangia  in  two  rows,  and  the  terminal  part  of 
the  leaf  is  likewise  fertile  ^  The  history  of  development  shows  (Fig.  315)  that 
these  fertile  portions  of  the  leaf  develop  as  outgrowths  of  the  margin  beneath 
the  continually  growing  apex  (Fig.  315,  S^.S^^  ^3,  S^.  There  is  formed 
in  each  of  these  outgrowths  a  two-sided  apical  cell,  and  thus  the  sporiferous 
pinnules  grow  like  the  whole  leaf.    One  would  have  the  sterile  leaf  if  one 

removed  the  fertile 
upper  portion  as  it  is 
shown  in  Fig.  315. 
The  appearance  of  the 
fertile  parts  here  as 
new  formations  only 
supplies  a  specially 
instructive  example  of 
the  fact  that  the  deve- 
lopment of  sporangia 
occasions  a  richer  seg- 
mentation than  exists 
in  the  sterile  leaf 

Similar  behaviour 
isfound  inothergenera 
of  the  Schizaeaceae,  for  instance  in  Aneimia  and  Lygodium.  In  Mohria 
there  is  no  essential  difference  between  the  sporophylls  and  foliage-leaves. 
That  the  striking  conformation  and  disposition  in  Aneimia  facilitates  the 
distribution  of  the  spores  will  be  shown  later  ^. 

POLYPODIACEAE.  This  family  furnishes  another  example  of  like  fea- 
tures : — 

Asplenium  Dimorphum.  Fig.  316, 1  and  II,  show  two  pinnae  of  the 
first  order  of  Asplenium  dimorphum.  The  sterile  pinna,  I,  is  strikingly 
different  from  the  fertile  one  ;  its  pinnules  of  the  second  order  are  broad,  only 


Pig.  316.     Aspleniam  dimorphom, 
III,  transition-form.    All  redaced. 


I,  sterile  pinna.     II,  fertile   pinna. 


'  The  sporangia  are  marginal  on  the  pinnules  of  the  sporophyll.  The  same  is  the  case  with  the 
sporangia  of  the  Maisiliaceae,  although  the  relationships  are  evidently  quite  different.  In  both 
cases  it  is  noteworthy  that  the  fertile  pinnules  and  sporangia  conform  to  one  another  as  regards 
their  place  of  origin,  and  this  is  of  value  in  relation  to  the  hypothesis  which  derives  the  vegetative 
formation  of  the  leaf  from  sporangia  which  have  become  sterile. 

*  See  p.  592. 
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indented  at  the  margin,  whilst  in  the  fertile  leaf  the  pinnules  of  the  second 
order  are  ^ain  pinnatifidly  cut  with  narrow  pinnules  of  the  third  order  ^.  The 
case  of  Schizaea  does  not  differ  essentially  from  this. 

Marsiliaceae.  In  the  Marsiliaceae  we  find  relationships  which 
conform  essentially  to  those  of  the  Schizaeaceae.  It  is  evident  that  the 
peculiarly  formed  sporocarps  in  the  species  of  Marsilia  are  outgrowths  of  the 
sterile  leaves.  To  the  solitary  sporocarps  in  Pilularia  another  origin  was 
formerly  in  part  assigned,  but  they  also  arise  from  a  foliage-leaf^  as  I  have 
stated,  and  as  the  thorough  investigations  of  Campbell,  Gliick,  and 
D.  S.  Johnson  have  confirmed.  The  relationships  in  the  species  of  Marsilia, 
whose  leaves  bear  a  large  number  of  sporocarps,  are  specially  peculiar,  for 
instance  in  M.  polycarpa : — 

Marsilia  Polycarpa  3.  The  sporocarps  arise  in  acropetal  serial  succession 
upon  the  part  of  the  leaf-primordium  which  becomes  stalk  (Fig.  317).     The 


Fig.  317.    Marsilia  polycarpa.    I,  lower  part  of  a  sporophyl!  with  ei^ht  nK>rocarps  in  profile.    II,  yoanj^ 
'  rli  seen  from  above.   Ill,  yoanger  sporophyll  in  profile.    F^  primordmm  ot  apinnoJe ;  Sp^  young  sporocarp. 


magnified. 

first  are  laid  down  before  the  vegetative  pinnules  are  present  upon  the  leaf- 
primordium.  As  we  have  here  a  large  number  of  sporocarps  the  plant  is 
particularly  suited  for  an  accurate  investigation  of  their  position.  The  fertile 
segments  spring  from  the  margin  of  the  sterile  leaf.  They  arise,  however, 
only  on  one  margin  in  a  series  one  above  the  other,  although  at  the  same  time 
the  serial  arrangement  is  not  always  very  strongly  maintained,  being  probably 
affected  by  relationships  of  space.  Fig.  317,  III,  shows  clearly  that  the 
sporocarps  assume  upon  the  leaf-primordium  the  same  position  in  space  as 
do  the  sterile  pinnules ;  the  lowermost  pair  particularly*  clearly  appears  as 


^  This  case  differs  somewhat  from  that  of  Schizaea  because  on  the  sterile  leaf  also  the  apex  of 
each  nerve  corresponds  to  the  vegetative  point  of  a  leaf  (see  p.  313),  which  in  the  fertile  leaf 
develops  further,  but  in  the  one-nerved  sterile  leaves  of  Schizaea  pusilla  the  leaf  is  '  potentially ' 
also  quite  simple.  There  is  however  only  a  graded  difference.  There  are  moreover  species  of 
Schizaea  ^dth  dichotomously  branched  sterile  leaves. 

*  See  Goebel,  Beitrage  zur  vergleichenden  Entwicklungsgeschichte  der  Sporangien:  Ober  die 
'Frucht '  von  Pilularia  globulifera,  in  Botanische  Zeitung,  xl  (1882),  p.  771. 

'  I  gathered  the  material  for  investigation  some  years  ago  in  South  America.  As  to  the  specific 
name : — Marsilia  polycarpa  I  consider  as  an  *  aggregate  *  species,  especially  as  A.  Braun  himself  was 
doubtful  whether  his  Manilla  subangulata  was  actually  different  from  Marsilia  polycarpa. 

*  In  the  profile  view  only  one  pinnule  is  naturally  visible. 
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a  marginal  outgrowth  quite  as  the  pinnules  already  described  in  Adiantum 
Edgeworthi^.  The  arrangement  of  the  cells  is  different :  the  sporophylls 
grow  for  a  long  time  by  a  two-sided  apical  cell,  just  like  the  apex  of  the 
sterile  leaf;  the  sterile  pinnules  show  from  the  beginning  a  marginal  growth 
with  diverging  anticlines  at  the  apex.  I  must  not,  however,  attach  much 
weight  to  this  difference.  We  have  already  seen*  that  the  arrangement  of  the 
cells  at  the  apex  of  the  leaf  in  ferns  has  a  connexion  with  the  configuration 
which  will  be  reached ;  we  need  not  therefore  wonder  that  the  sporocarps 
which  develop  into  greatly  elongated  bodies  show  a  cell-arrangement  different 
from  that  of  the  flat  leaflets.  We  have  besides  seen  in  Schizaea  rupestris 
fertile  leaf-pinnules  growing  with  a  two-sided  apical  cell,  and  these  are  marked 
out  in  like  manner  by  an  elongated  conformation  and  absence  of  development 
in  surface.  The  branching  of  the  fertile  leaves  in  Marsilia  is,  however,  uni- 
lateral, and  in  this  they  show  a  difference  from  the  sporophylls  of  Schizaea. 
The  leaf  of  Marsilia  stands  obliquely  upon  the  dorsiventral  rhizome,  the 
anterior  leaf-margin  being  deeper  than  the  posterior  one.  It  is  from  the 
anterior  one  that  the  sporocarps  spring,  and  this  disposition  is  still  visible 
even  in  the  mature  condition,  as  the  leaf-stalk  has  a  channel  upon  its  upper 
side  ^  This  unilateral  position  of  the  fertile  leaf-portion  is  a  striking  one, 
and  may  be  connected  with  the  dorsiventral  character  of  the  whole  shoot. 
Also  the  lateral  buds  stand  upon  the  anterior  margin  of  the  leaves,  and  they 
find  here  at  first  just  as  do  the  sporocarps  a  specially  protected  position 
between  the  shoot-axis  and  the  leaf-primordium.  Unilateral  formation  of 
pinnules  is  foimd  also  elsewhere  amongst  the  ferns,  for  example  in  the  leaves 
of  Pteris  semipinnata.  We  may  also  compare  the  unilateral  development  of 
the  fertile  leaf-portions  with  the  cases  already  described*  of  unilateral  pinna- 
tions,  for  example  of  Anthyllis  tetraphylla  and  other  Leguminosae,  only  we 
saw  there  that  we  had  to  deal  with  a  phenomenon  of  vegetative  adaptatioft 
standing  in  relation  to  the  dorsiventral  construction  of  the  whole  plant. 
Putting  aside  phyletic  speculation,  such  an  adaptation  can  scarcely  be  admitted 
in  the  Marsiliaceae ;  but  it  is  striking  that  a  similar  development  is  re- 
peated in  the  Marsiliaceae,  which  are  likewise  dorsiventral.  The  important 
point  is,  however,  the  proof  that  the  fertile  leaf-portions,  even  where  they 
appear  in  relation  to  the  sterile  leaves  as  new  formations  ^  yet  conform  in 
position  and  origin  to  the  leafpiftnules. 


^  See  p.  316,  Fig.  204.  The  last  two  pinnules  arise  when  the  apex  of  the  leaf-primordinm  has 
already  expanded.    It  forks  in  more  feeble  primordia. 

2  See  p.  316. 

'  See  A.  firaun,  Nenere  Untersuchongen  iiber  die  Gattungen  Marsilia  nnd  Pilularia,  in 
Monatsberichte  der  Berliner  Akademie,  ans  dem  Jahre  1870,  p.  653. 

*  See  Part  I,  p.  121.  Also  the  facts  mentioned  Part  I,  p.  88.  In  Fig.  228,  IV,  the  pinnate  leaves 
are  partly  unilaterally  developed,  so  that  the  phenomenon  is  not  at  all  rare. 

^  In  many  species  of  Marsilia  many  sporocarps  are  seated  upon  one  stalk,  for  instance  often 
in  Marsilia  quadrifolia.    Usually  we  have  a  branching  of  the  sporocarp,  of  which  Johnson  has 
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(II)      EUSPORANGIATE  FiLICINEAE. 

Ophioglossaceae.  In  this  family,  at  least  in  the  large  majority  of 
species,  the  condition  is  somewhat  different.  The  sporophyll  does  not  arise 
upon  the  margin,  but  upon  the  upper  side  of  the  sterile  leaf-portion.  In 
Ophioglossum  palmatum  the  marginal  position  is  also  found,  but  in  most 
cases  the  sporophyll  arises  here  also  from  the  upper  side  of  the  sterile  leaf, 
but  more  or  less  near  its  margin  ^  The  history  of  development  is  unfortu- 
nately unknown.  It  is  possible,  although  indeed  not  very  probable,  that  the 
sporophyll  originally  marginal  has  become  displaced  upon  the  upper  side. 
As  it  is  we  can  give  some  *  reasons,'  or  rather  hint  at  some  relationships,  which 
account  for  the  divergent  position  of  the  sporophyll  even  in  the  Ophioglos- 


FiQ.  %\%.  Helmtnthostachys  zeylanica.  I,  young  leaf  in  profile.  The  sterile  pinnules  cover  the  sporophvlL  the 
point  of  which,  S^  is  seen  projecting,  fa«it  at  a  later  period  would  be  covered.  11,  leaf  in  transverse  section ;  Bs^  leaf- 
stalk ;  Sp^  sporophyll  invested  by  the  pinnales  of  the  sterile  leaf-part.  Ill,  sporophyll  in  transverse  section ; 
iS",  sporaneiophore.  IV,  young  toliage*leaf  in  transverse  section;  Z^  primoraium  of  lamina;  <?,  upper  side; 
xf,  under  s^e ;  Af,  primordium  of  mid-vein.    Magnified. 

saceae.  It  is  laid  down  very  early,  and  in  correspondence  with  its 
later  construction  is  relatively  very  thick.  The  young  leaf  is  firmly 
ensheathed  in  envelopes,  and  the  position  of  the  sporophyll  upon  the  upper 
side  of  such  a  primordium  would  take  up  less  room  than  it  would  were  it 
placed  right  and  left;  its  median  position  secures  that  the  sporophyll  is 
enveloped  and  protected  by  the  sterile  leaf  (Fig.  318,  II),  and  this,  in  a  case 
where  there  is  such  very  slow  development  of  the  leaf  as  occurs  here,  must 


traced  the  history  of  development  in  one  species.  It  may  be  that  in  other  cases  an  elevation  of  the 
common  base  takes  place.  See  D.  S.  Johnson,  On  the  Development  of  the  Leaf  and  Sporocarp  in 
Marsilia  quadrifolia,  L.,  in  Annals  of  Botany,  xii  (1898),  p.  119;  id.,  On  the  Leaf  and  Sporocarp 
of  Pilularia,  in  Botanical  Gazette,  xxvi  (1898). 

^  Bower,  Studies  in  the  Morphology  of  Spore-prodndng  Members :  II.  Ophioglossaceae,  London, 
1896. 
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be  of  great  importance.  We  shall  return  below  to  the  phyletic  explanations 
which  have  been  given  of  the  divergent  position  of  the  sporophyll  in  the 
Ophioglossaceae.  At  present  I  wish  only  to  indicate  that  the  normal  branch- 
ing of  the  foliage-leaf  in  one  plane  is  connected  with  the  provision  of  an 
assimilation-surface  exposed  to  the  light,  and  that  therefore  in  the  biolc^cal 
connexion  the  divergent  position  of  a  non-assimilating  leaf-s^ment  is  of  no 
importance.  As  a  matter  of  fact  we  find  the  same  phenomenon  in  the  leaf- 
structures  of  the  flowers  of  higher  plants^,  for  example  in  the  formation  of 
the  corona  in  Narcissus,  Sileneae,  and  elsewhere,  and  in  the  multiplication 
of  petals  by  splitting  in  double  flowers.  All  these  phenomena  conform  to  that 
of  the  position  of  the  sporophyll  in  Ophioglossum  which  has  nothing  or  only 
little  to  do  as  an  assimilating  portion  of  the  leaf  This  resemblance  of  the 
sporophyll  of  the  Ophioglossaceae  to  a  leaf-segment  expresses  itself  also  in 
its  remarkably  dorsiventral  character*. 

There  is,  therefore,  no  necessity,  so  far  as  living  plants  show  us,  for  con- 
sidering the  sporophyll  as  anything  else  but  a  foliage-leaf  which  experiences 
soon  or  late,  sometimes  not  at  all,  a  transformation ;  otherwise  the  relation- 
ships of  configuration  of  the  sporophylls  and  of  the  flowers  of  the  Pterido- 
phyta  are  so  manifold  and  so  important  for  a  consideration  of  the  flowers  in 
the  higher  plants  that  it  will  be  useful  to  select  here  from  the  larger  groups 
some  illustrations.  The  arrangements  for  the  protection  of  the  sporangia 
will  be  spoken  of  separately^. 

B.    SPECIAL  FEATURES  OF  THE  SPOROPHYLLS. 
I.    FILICINEAE. 
I.    EUSPORANGIATE  FiLICINEAE. 

Marattiaceae.  In  the  Marattiaceae  the  sporophylls  are  the  ordin- 
ary foliage-leaves. 

Ophioglossaceae.  In  the  Ophioglossaceae  the  fertile  leaf-portion 
springs  from  the  sterile,  which  is  very  different  in  appearance.  It  has  no 
special  assimilation-tissue,  and  is  erect  and  stalked.  The  features  are 
apparently  strictly  fixed  in  Ophioglossum*;  in  Botrychium  we  find  frequently 

^  The  position  of  the  ovales  should  be  specially  considered  here.  These,  for  example,  in  the 
Rannnculaceae  are  originally  marginal  on  a  m^^asporophyll.  Where  this  forms  a  basal  sac  the 
ovule  springs  from  a  median  position,  and  in  Ranonculus  and  other  genera  frequently  this  is  the 
only  ovule  that  remains.  Its  position  is  originally  like  that  of  the  sporophyll  of  the  Ophioglossa- 
ceae to  the  sterile  leaf-part. 

*  See  especially  the  sporophylls  in  Helminthostachys,  p.  483. 

'  See  p.  496. 

^  The  vegetative  transformation  of  the  sporophyll  is  very  rare  in  Ophioglossum.  Apart  from  the 
branching  at  the  apex  of  many  sporophylls,  which  for  our  purpose  is  of  the  same  kind,  I  only  know 
of  one  record  of  it,  that  of  Presl,  Supplementum  tentaminis  Pteridographiae,  in  Abhandlungen  der 
Konigl.  Bohmischen  Gesellschaft  der  Wissensch.  in  Prag,  Folge  5,  iv  (1845-6),  who  says:  '  vidi 
specimen  Ophioglossi  vulgati,  cuius  spica  marginem  foliaceum  utrinque  duas  lineas  latum  eviden- 
tissime  venosum  habuit.* 
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intermediate  forms  ^  The  configuration  of  the  sporophyll  of  Ophioglossum 
and  Botrychium  is  described  in  every  text-book,  and  need  not  be  further 
spoken  of  here  beyond  the  statement  that  the  sporangia 
in  both  genera  are  marginal. 

HelminthostaohyB  ^.  The  relationships  of  configura- 
tion are  peculiar  and  remarkable  in  this  third  genus  of 
the  Ophioglossaceae.  The  sporophyll  differs  most  of  all 
amongst  the  Pteridophyta  from  the  configuration  of  the 
foliage-leaves,  at  the  same  time  the  construction  offers 
interesting  points  of  comparison  with  features  that  are 
observed  frequently  in  the  formation  of  the  stamens  of 
many  dicotylous  plants.  The  sporophyll  arises  as  in 
other  Ophioglossaceae  in  the  form  of  an  outgrowth  upon 
the  upper  side  of  the  foliage-leaf,  which  is  here  divided 
many  times  into  a  somewhat  palmate  form.  The  lobes 
of  the  sterile  leaf-part  are  in  their  juvenile  condition 
projected  beyond  the  sporophyll  (Fig.  318,  I),  so  that 
the  sporophyll  is  protected  upon  the  one  side  by  the 
downwardly  curved  sterile  leaf-part,  and  upon  the  other 
by  the  massive  leaf-stalk  (Fig.  318,  II).  The  whole  leaf 
is  originally  covered  in  a  cap-like  manner  by  an  out- 
growth of  tissue  of  the  shoot-axis.  The  fertile  sporophyll 
is  evidently  negatively  geotropic  (Fig.  319),  is  apparently 
radial,  and  its  surface  is  densely  occupied  by  supporters 
of  the  sporangia,  which  Bower  has  designated  sporangio- 
pkores.  These  sporangiophores,  simple  or  branched,  only 
rarely  bear  one,  more  usually  many,  sporangia,  and  these 
are  then  most  frequently  disposed  in  two  tiers  one  above 
another  and  in  a  radial  manner  (Fig.  320).     The  lower 


Pig.  319.  Hdmintho- 
stachyszeylanica.  Sporo- 
phyll.   Ma^ified. 


^W 


Pig.  320.    Helminthostachys  zeylanica.    Sporangiophore. 
I,  II,  simple ;  III,  IV,  branched.    Magnified. 


portion  of  the  sporangiophore  is  usually  narrowed  to  a  stalk- like  form.     The 
upper  part  is  broadened  out  and  has  grown  out  into  lobes,  so  that  the  whole 


•  ^  See  p.  476. 

'  See  Prantl,  Helminthostachys  zeylanica  and  ihre  Beziehungen  za  Ophioglossum  nnd  Botrychium, 
in  Berichte  der  dentschen  botanischen  Gesellschaft,  i  (1883),  p.  155 ;  Bower,  Studies  in  the 
Morphology  of  Spore-prodndng  Members:  II.  Ophioglossaceae,  London,  1896.  The  account 
given  in  the  text  is  based  upon  investigations  carried  out  on  material  collected  by  me  in  Ceylon  and 
Java  in  1886,  and  which  I  have  lately  re-examined. 

Ii2 
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^)OfaiigioirfK)re  has  some  resemblance  to  a  sjporo^yVi  of  Egnisctmn.  The 
upper  broad  portion  forms  a  roof  above  the  yoong  sporangia  and  must  be 
considered  as  a  protective  apparatus  for  theoL  Examination  of  the  >^ung 
sporopbyll  (Fig.  321)  shows  that  its  radial  disposition  is  only  apparent ;  it 
is  really  bilateral  or  dorsiventral,  for  there  remains  upon  its  upper  side  and 
upon  its  under  side  a  strip  firee  of  sporai^ia,  and  these  strips  are  still  visible 
in  many  mature  sporophylls.  These  free  strips  correspond  to  the  middle 
nerve  cf  the  sterile  leaf-portion.  The  sterile  leaf-lamina  is  here,  as  in  the  case 
of  some  leptosporangiate  ferns',  laid  down  relatively  late 
(Fig.  318,  L).  The  development  of  the  massive  middle 
nerve  (Fig.  318,  AI)  precedes  that  of  the  lamina,  which 
shoots  out  right  and  left  from  a  zone  of  embryonal  tissue 
remaining  about  the  middle  nerve  (Fig.  318,  IV,  L)\ 
In  the  case  of  the  sporophyll  there  is  no  laying  down  of 
one  leaf-lamina.  This  is  to  a  certain  extent  from  the  very 
first  divided  into  a  number  of  small  papillae  (Fig.  318, 
III,  Sp)  which  indicate  the  sporangiophores '.  The  re- 
markable thii^  then  is  that  the  *  division '  of  the  lamina 
takes  place  so  very  early,  and  that  it  does  not  as  else- 
where proceed  in  the  plane  of  the  leaf-surface  which  is 
n  O-rV^  ^^^  undeveloped,  but  in  directions  which  lie  oblique  to 
4  vtl^^        this.    We  speak  figuratively  of  a  division  Jiere  because 

evidently  a  leaf-surface  to  the  sporophyll  b  usually  not 
developed,  but  in  its  place  the  sporangiophores  appear. 
The  leaf-sur&ce  may,  however,  develop  in  abnormal 
cases,  such  as  I  observed  in  Java  in  1885^.  The  sporo- 
phyll had  in  these  examples  repeatedly  divided  at  its  end 
— ^thus  approaching  in  its  behaviour  the  sterile  leaf-part 
— and  the  single  portions  of  the  leaf  contained  chloro^ 
phyll  were  flattened  and  were  divided  at  the  margin 
into  lobes  which  bore  the  sporangia.  In  this  case  then  the  sporangiophore 
appeared  as  a  segment  of  a  foliage-leaf  Upon  these  general  grounds  then 
I  r^ard  the  sporophyll  of  Helminthostachys  as  a  portion  of  a  foliage-leaf 
which  has  become  modified  at  an  early  period  and  in  a  peculiar  manner. 
The  lamina  is  replaced  by  a  sporangiophore  which  appears  in  its  position. 
That  the  virescence  should  proceed  most  easily  at  the  end  of  the  sporophyll 
can  be  easily  understood  from  the  history  of  development.    Fig.  321  shows 


Fic.  321. 
•Ucbjrt  serlaaica.  Yoong 
•poropbTll  IS  obltqne  pro- 
file. The  primofdia  of 
the  sporangiophores  are 
neiy  dostered  on  the 


margin.    ICagntfiad. 


'  See  p.  520,  and  Fig.  207  of  Pteris  Mrralata. 

'  The  arrangement  of  the  cells  is  different  from  that  in  Pteris  sermlata. 

'  In  many  cases  there  is  eridently  a  common  base  which  one  might  recognize  as  the  mdimentazy 
primordiimi  of  the  lamina.    In  rare  cases  in  Java  I  fouid  this  developed  as  a  wing. 

*  See  also  Bower,  Studies  in  the  Morphology  of  Spore-prodacing  Members :  II.  Ophioglossaceae, 
London,  1896,  PI.  ix,  Figs.  138  and  139. 
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that  the  formation  of  the  sporangiophores  decreases  towards  the  end  of  the 
sporophyll,  and  there  they  arise  partly  in  a  single  row,  which  means  that 
the  lamina  of  the  sporophyll  approaches  more  the  ordinary  form  ^. 

We  can,  therefore,  trace  back  the  sporophyll  to  a  specially  far-reaching 
transformation  of  the  vegetative  leaf,  and  at  the  same  time  see  that  the 
sporophyll  of  Helminthostachys  in  its  dorsiventral  construction  conforms 
with  that  of  Ophioglossum  and  Botrychium.  The  hypothesis,  which  will  be 
subsequently  mentioned,  that  the  sporophylls  have  proceeded  from  a  further 
vegetative  development  of  the  sporangia,  would  assume  that  upon  a  sporo- 
phyll of  Ophioglossum  the  sporangia  were  chambered  by  sterile  plates  of 
tissue   nearly  parallel   with  the  leaf-surface,  and  that  then  these  partial 


Fig.  322.  Drymoglossoxn  subcordatom,  Fee.  Habit. 
The  iterile  leaves  are  broad  and  shortly  stalked.  The 
sporophylls  are  erect,  have  long  stalks,  and  a  narrow 
lamina.    After  Christ. 


FlQ.«a3.   Elaphoglossam  spatholatam.    Habit. 
After  Christ.    Natural  sise. 


sporangia  grew  out  vegetatively  into  sporangiophores.  We  content  ourselves 
here  with  proving  the  fact  that  the  sporophylls  of  Helminthostachys  conform 
in  their  primordia  to  the  foliage-leaves,  although  the  two  leaf-forms 
appear  so  very  markedly  different  when  we  only  regard  their  mature  con- 
dition. 

2.    LEPTOSPORANGIATE  FILICINEAE  I 
(a)   ISOSPOROUS   LEPTOSPORANGIATE   FILICINEAE. 

The  manifold  construction  of  the  sporophyll  in  this  group  has  been 
already  mentioned  ^,  and  it  would  take  me  too  far  were  I  to  give  a  thorough 
account  of  it.     Only  a  few  points  may  be  noted. 

External  Form.  The  sporophylls  often  are  distinguished  from  the 
foliage-leaves  by  having  a  different  conformation  of  the  stalk  and  the 
lamina.  The  stalk  in  many  of  the  sporophylls  is  longer  than  that  of  the 
foliage-leaves,  and  thus  facilitates  the  distribution  of  the  spores  (Figs.  33a, 

3«3)-  

*  Where  the  transformation  has  proceeded  less  far,  there  the  vegetative  formation  can  most  easily 
enter  in. 


■  See  Gliick,  Die  Sporophyllmetamorphose,  in  Flora,  Ixxx  (1895). 


*  See  p.  48a. 
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In  the  segmentation  of  the  lamina  we  have  to  recognize  two  cases : — 

{a)  The  sporophylls  have  the  segmentation  of  their  lamina  reduced  as 
compared  with  that  of  the  foliage-leaves  *.  This  occurs  in  Onoclea  Stru- 
thiopteris,  Allosurus  crispus  (Fig.  3^4),  Acrostichum  peltatum,  and  it  is  the 
more  common. 

{b)  The  sporophylls  have  their  lamina  more  richly  segmented  than  is 
that  of  the  foliage-leaves.  This  occurs  in  Asplenium  dimorphum  (Fig.  316), 
and  also  in  Osmunda  regalis,  Aneimia,  and  elsewhere. 

Anatomy.  The  existence  of  anatomical  differences,  such  as  the 
reduction  of  the  assimilating  leaf-tissue  and  so  on,  in  the  sporophylls,  can 
only  be  mentioned  here. 

It  seems  to  me  improbable — at  any  rate  it  is  not  yet  proved — that  the 
difference  in  the  configuration  of  the  sporophylls  when  compared  with  the 


FlO.  334.    Allosoras  crispoi.    i,  sterile  pinnule,    a,  «,  4,  transition-stages  between  sterile  and  fertile  pinnules. 
5,  fertile  pinnule  with  the  margin  rolled  back.    After  Glfick. 

foliage-leaves  can  be  always  explained  teleologically  *.  More  probably  it 
is  determined  by  the  metabolic  processes  connected  with  the  formation  of 
sporangia,  and  these  cannot  always  be  brought  into  close  relationship  with 
the  conditions  of  life.  The  endeavour  to  find  such  connexions  is  neverthe- 
less a  sound  one.  It  must  have  as  a  starting-point  a  review  of  the  relation- 
ships of  life.     I  may  here  briefiy  refer  to  one  illustration : — 

Aorostiohiim  (Bhipidopteris)  peltatum.  This  fern  owes  its  name 
to  the  configuration  of  the  sporophylls,  which  indeed  are  not  peltate,  but 
which  by  their  undivided  lamina,  in  contrast  with  the  richly  segmented 
and  frequently  forked  sterile  leaf,  are  very  striking  ^  The  original  resem- 
blance of  the  two  often  shows  itself,  however,  in  the  sporophyll  by  indenta- 


^  That  is  to  say  the  primordinm  of  the  leaf  has  remained  stationary  at  a  certain  definite  stage  of 
segmentation.  For  the  protection  of  the  juvenile  spprangia  such  sporophylls  are  much  better  suited 
than  are  those  which  are  much  divided. 

*  We  must  alwajrs  remember  that  the  configuration  of  the  sporophyll  has  not  only  to  do  with  the 
distribution  of  the  spores,  but  also  with  the  protection  of  the  sporangium  in  its  juvenile  state. 

*  In  systematic  works,  for  example  Christ's  Die  Famkrauter,  it  is  assumed  that  the  sporangiferous 
side  of  the  leaf  is  the  under  side,  and  this  undoubtedly  is  in  accordance  with  the  usual  behaviour  and 
the  lie.  Moreover,  the  stomata  are  also  limited,  as  in  the  sterile  leaves,  to  the  under  side.  The 
ptyxis,  however,  suggests  that  the  sporangia  stand  upon  the  upper  side.  At  least  we  find  the 
marginal  portion  incurved  towards  this  side — especially  clearly  is  this  seen  in  transition-forms 
between  sterile  and  fertile,  leaves  where  the  lamina  is  still  more  divided — but  the  incurving  takes 
place  in  the  sterile  leaves  as  elsewhere  towards  the  upper  side.  There  is  here  then  much  that  is 
still  enigmatical. 
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tions  at  its  margin  which  correspond  to  a  division  which  has  not  proceeded 
very  far.  Probably  the  species  has  been  derived  from  forms  with  slightly 
divided  leaves*,  and  the  sporophylls  approach  more  nearly  the  primitive 
leaf-configuration  than  do  the  foliage-leaves.  The  conformation  of  the 
sporophyll  has  moreover  probably  also  a  biological  significance.  The  bright 
margin  of  the  sporophyll  is  free  of  sporangia  and  is  bent  backwards.  It  is 
easy  to  observe  that  the  sporophylls  retain  water-drops,  which  then  will  be 
carried  to  its  sporangiferous  side.  Now  the  species  grows  in  moist  mountain- 
ous woods*,  but  the  leathery  texture  of  the  sterile  leaves,  their  sharply 
differentiated  epidermis  bearing  stomata  only  upon  the  under  side,  indicate 
that  the  plant  is  arranged  to  withstand  temporary  want  of  water.  The 
sporophylls  by  their  conformation  hold  water-drops  for  a  time  and  pass  it 
on  directly  to  the  young  sporangia,  which  in  other  ferns  are  protected  against 
wetting  but  here  evidently  are  not  injured  by  this. 

(3)     HETEROSPOROUS   LEPTOSPORANGIATE   FILICINEAE. 

Salviniaceae.  Inthe  Salviniaceae^  we  may  speak  of  microsporophylls 
and  megasporophylls  and  of  parts  of  these,  because  the  microsporangia 
and  megasporangia  appear  in  separate  sori,  and  these  stand  upon  leaves*. 
There  is  a  difference  in  the  construction  and  conformation  of  the  micro- 
sporophyll  and  megasporophyll  respectively  in  the  Salviniaceae  *,  and  a  short 
explanation  of  this  is  necessary  because  the  difference  between  micro- 
sporophylls and  m^asporophylls  is  much  greater  in  the  Spermophyta,  and 
if  we  assume  that  the  Spermophyta  have  sprung  from  pteridophytous 
ancestors  a  consideration  of  the  sporophylls  of  the  Pteridophyta  offers  us 
the  best  prospect  of  a  basis  for  a  satisfactory  interpretation  of  the  sporo- 
phyll of  the  Spermophyta. 

Salvinia.  In  Salvinia  the  difference  to  which  I  have  referred  is 
essentially  this:  the  number  of  the  microsporangia  is  larger  than  that  of 
the  m^asporangia  ®.  The  significance  of  this  is  of  course  that  the  number 
of  the  microspores  is  greater  than  that  of  the  megaspores. 

*  As  a  matter  of  fact  the  nearly  allied  Acrostichum  flabellatmn  has  snch  leaves.  By  some  authors 
Acrostlchum  flabellatnm  is  united  with  Acrostichum  peltatum.  In  Acrostichum  flabellatum  there 
are  sterile  leaves  also  which  are  only  indented  at  the  margin  and  otherwise  are  undivided.  This 
whole  cycle  of  forms,  whether  we  call  it  a  species  or  a  group  of  nearly  allied  species,  is  allied  to  the 
species  of  Elaphoglossum,  whose  leaves  are  almost  throughout  undivided.  That  the  bearers  of  the 
oigans  of  reproduction  retain  primitive  relationships  of  configuration  more  than  the  vegetative  organs 
which  have  been  changed  subsequently  through  adaptation  is  seen  elsewhere,  for  example  in 
Schistostega  and  others  amongst  the  Musd,  and  also  in  the  Cactaceae. 

3  I  gathered  it  some  years  ago,  for  example,  in  the  Cumbre  de  San  Hilario  in  Venezuela. 
'  As  in  the  heterosporous  Lycopodineae. 

*  Both  kinds  may  occur  upon  different  lobes  of  the  same  leaf.  That  the  two  kinds  of  sporangia  stand 
upon  separate  leaves  in  the  Lycopodineae  is  easily  understood  because  the  sporangia  arise  singly. 

'  A  difference  in  the  structure  and  the  conformation  of  the  microsporophyll  and  megasporophyll 
in  the  Lycopodineae  and  Isoeteae  is  not  known. 

*  We  have  no  reason  for  supposing  that  Salvinia  originally  had  sori  composed  of  both  micro- 
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Azolla.  In  Azolla  the  difference  between  the  two  kinds  of  sori  is  ex- 
aggerated by  the  appearance  of  only  one  megasporangium  in  the  megasorns. 
The  two  kinds  of  sori  can,  however,  be  traced  back  to  one  type — to  a  sonis 
which  consists  of  a  placenta  corresponding  to  a  leaf-lobe  round  about 
which  microsporangia  are  distributed,  whilst  the  point  is  occupied  by  a  m^;a- 
sporangium.  In  the  microsori  this  megasporangium  early  aborts^.  In  the 
megasori,  on  the  other  hand,  only  the  megasporangium  develops,  but  there 
are  found  at  later  stages  of  development  (Fig.  325)  primordia  of  micro- 
sporangia  which  abort.  The  indusium 
appears  as  an  annular  wall,  and  thus  the 
whole  structure  acquires  a  resemblance 
to  the  ovule  of  one  of  the  Spermophyta. 
Azolla  shows  then  a  reduction  of  the 
number  of  megasporangia  in  relation 
to  the  number  of  microsporangia,  and 
probably  also  a  separation  of  the  original 
hermaphrodite  sori  into  male  and  female 
ones. 

I  was  not  able  to  form  a  definite 
picture  of  the  sporophylls  of  Azolla  from 
the  statements  of  Strasburger^  and  of 
CampbelP,  and  I  have  therefore  ex- 
amined the  relationships  in  Azolla 
filiculoides,  which  some  twelve  years 
ago  fruited  freely  in  the  Botanic  Garden 
at  Marburg.  Each  foliage-leaf  very 
early  divides, as  we  know*,  into  an  upper 
lobe  and  an  under  lobe,  whose  position 
is  indicated  in  Fig.  Q,%y.  How  now 
do  these  two  leaf-parts  behave  in  the 
fertile  leaf?  We  know  that  the  sori  enclosed  by  the  indusium  stand  in 
pairs  ^  and  they  are  besides  covered  by  a  one-layered  cap-like  envelope. 


Fig.  325. 
ndina' 


Azolla  filicaloides.     M( 
longitudinal  section.   Jdy  indosinm 


^feffa90l 


»ras  in 
ni^;a- 


aponmjrittni ;  P^  placenta.  Threads  of  Anabaena 
are  visible  above  Uie  merasporanginm.  Primordia 
of  microsporangia,  which  abort,  are  visible  below 
the  megasporangium.    Magnified. 


sporangia  and  megasporangia,  yet  the  behaviour  of  Azolla  suggests  such  a  supposition.  It  is  evident 
that  the  separation  of  the  microsporangia  and  megasporangia  favours  cross-fertilization.  Moreover 
Heinricher,  Die  naheren  Vorgange  bel  der  Sporenbildung  der  Salvinia  natans  verglichen  mit  dcr 
der  iibrigen  Rhizocarpecn,  in  Sitzungsberichte  der  Wiener  Akademie,  Ixxxv  (1882),  found  on  one 
occasion  in  Salvinia  natans  a  sporocarp  which  contained  some  megasporangia  among  a  number  of 
microsporangia. 

*  See  Strasburger,  Histologische  Beitrage,  Heft  2,  Jena,  1889,  P*  ^*  Campbell,  On  the  Develop- 
ment of  Azolla  filiculoides,  Lam.,  in  Annals  of  Botany,  vii  (1895),  found  no  primordium  of 
a  megasporangium  in  the  microsori.    Both  exist  in  Azolla  filiculoides  according  to  my  experience. 

'  See  Strasburger,  Ubcr  Azolla,  Jena,  1873,  p.  52. 
■  See  Campbell,  op.  cit. 

*  See  p.  348. 

'  '  Occasionally  I  found  thretf  upon  the  under  side  of  the  stem. 
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Strasburger  maintains  that  the  sori  are  transformed  leaf-lobes  and  speaks 
of  the  envelope  as  the  under  lobe  of  the  leaf,  whilst  Campbell  came  to 
the  conclusion  *  that  the  whole  of  the  ventral  lobe  goes  to  form  the  sori, 
and  that  the  involucre   is  derived  from   the  whole  of  the  dorsal   lobe 


f\ClM 


\^n(^ 


Fig.  336.  Azolla  filiculoidea.  I,  sporophyll  dissected  ont  in  surface  view;  O^  apper  lobe :  F^  primordinm  of 
wing  of  upper  lobe :  S\^St.  primordia  of  megasporancia ;  Jd\ ,  Jd%^  the  iodusiam.  U,  two  leaves  in  transverse 
section.  To  the  left  a  sterile  leaf;  Chx  apper  lobe:  uu  under  lobe.  To  the  ri^ht  a  fertile  leaf  shown  in  two 
sections,  one  lower  down  in  the  leaf  by  dotted  lines,  tne  other  higher  ap ;  O^  upper  lobe ;  F.  wing  of  the  upper  lobe 
covering  two  megasori.  Ill,  under  lobe  dissected  out  and  seen  from  the  surface ;  it  is  wholly  used  in  the  formation 
of  two  megasori,  and  the  indusium  appears  as  an  annular  wall.    All  magnified. 

of  the  leaf  ^.'  Neither  of  these  authors  is  altogether  correct  so  far  as  my 
investigations  show.  I  agree  with  Campbell  that  the  sori  proceed  from 
one  portion  of  the  under  lobe  of  the  leaf  which  very  early  develops,  but 
the  upper  lobe  is  by  no  means  devoted  to  the  formation  of  the  involucre. 
This  upper  lobe  is  pre- 
sent as  elsewhere,  and 
contains  also  a  branched 
vascular  bundle  and  a 
pit  inhabited  by  Ana- 
baena.  It  produces  at 
Its  base  a  wing-like  one- 
layered  outgrowth  which 
partially  covers  the  sori, 
and  this  is  the  origin  of 
the  *  involucre'  (Figs.  %%6 

1  T^\       t  .   f   ▼  t         ^'®-  3*7*    AsoUa  filicnloides.    Sporophyll  spread  out  flat.    To  the  left 

and  3^7,/' ),  which  I  need      two  megason.    To  the  right  the  upper  lobe.    /%  wing-like  outgrowth  of  the 
^  ,  upper  lobe,  the  muctlagcpit  is  visible  below. 

not     say    contains     no 

conducting  bundle.  The  under  leaf-lobe,  which  is  used  for  the  formation 
of  the  sori,  contains  as  elsewhere  its  conducting  bundle.  That  Strasburger 
ascribed  the  involucre  to  the  under  lobe  of  the  leaf  is  due  to  the  fact  that  it 
is  separated  from  the  upper  lobe  by  a  somewhat  deep  depression.    Com- 

^  Campbell,  On  the  Development  of  Azolla  filicnloides,  Lam.,  in  Annals  of  Botany,  vii  (1893),  p.  1 58. 
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paring  then  the  fertile  leaf  with  the  sterile  the  following  changes  in 
configuration  are  found : — ■ 

(i)  The  under  lobe,  which  is  elsewhere  undivided,  divides  into  two  lobes, 
more  seldom  three,  and  even  into  four  in  Azolla  nilotica  according  to  Stras- 
burger,  from  the  apex  of  these  the  single  megasporangium  proceeds  in  the 
megasorus^.  Beneath  this  there  rises  up  as  an  annular  wall  the  indusium, 
which,  being  favoured  upon  the  outer  side,  grows  round  the  megasporangium 
like  an  integument  *. 

(a)  From  the  portion  of  the  margin  of  the  upper  lobe  which  touches  upon 
the  under  lobe  a  wing-like  outgrowth  at  first  proceeds,  and  one  might 
designate  it  as  an  indusium  if  each  of  the  two  son  had  not  already  its  own 
indusium. 

Marsiliaceae.  The  microsporangia  and  megasporangia  are  found  to- 
gether in  the  same  sorus  in  the  Marsiliaceae.  The  sporocarps  diverge  in 
their  configuration  more  than  those  of  any  other  group  from  the  sporophylls 
met  with  elsewhere.  The  sporangia  apparently  are  enclosed  within  a  body 
of  tissue  which  is  surrounded  by  a  usually  hard  shell,  and  this,  when  it  is 
ripe,  is  opened  in  a  remarkable  manner  by  the  swelling  up  of  mucilaginous 
tissue  within  it — an  arrangement  which  makes  possible  the  withstanding  of 
a  dry  period,  and  as  a  matter  of  fact  the  sporocarp  exhibits  a  resting  period — 
and  thus  the  germination  of  the  spores  can  only  begin  if  such  a  quantity  of 
water  is  present  as  is  necessary  for  the  further  development.  It  has  been 
already  shown ^  that  the  sporocarps  are  always  leaf-borne,  and  like  the 
pinnule  of  Marsilia  they  take  rise  upon  the  flanks  of  the  foliage-leaf 
(Fig.  317).  The  history  of  development  has  also  explained  the  rest  of  the 
structure  of  this  remarkable  body.  The  sporocarps  are  always  dorsiventral, 
even  where,  as  in  Pilularia,  this  is  not  externally  marked.  The  *  fruit '  con- 
sists in  Pilularia  globulifera  of  four  chambers,  in  which  megasporangia  and 
microsporangia  lie.  In  Marsilia  the  chambers  are  more  numerous  and  are 
arranged  in  two  rows.  I  have  pointed  out*  in  opposition  to  the  assumption, 
based  upon  the  consideration  of  the  mature  condition  only,  that  the  sporangia 
arise  actually  within  closed  spaces,  and  also  in  opposition  to  Russow's  state- 
ment, based  upon  beautiful  but  incomplete  developmental  investigations, 
that  the  *  sorus-canal '  arises  by  a  splitting  of  the  tissue,  and  that  the  son 
here  are  formed,  as  in  other  Leptosporangiate  Filicineae,  from  superficial  cells 
of  the  primordium  of  the  sporophyll,  and  are  only  gradually  sunk  subsequently 
into  the  tissue.  BUsgen,  Meunier,  Campbell,  and  Johnson  have  confirmed 
this,  and  supplemented  it  by  showing  that  the  placenta  arises  upon  the 


*  The  division  of  the  nnder  lobe  is  specially  plainly  seen  in  Fig.  326,  III. 
'  See  the  section  upon  the  development  of  the  sporangium,  p.  595. 

»  Seep.  479. 

*  See'Goebel,  Beitrage  zur  vergleichenden  Entwicklungsgeschichte  der  Sporangien :  III.  Ueber 
die  *  Frucht*  von  Pilularia  globulifera,  in  Botanische  Zeitung,  xl  (i88a),  p.  771. 
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margin  of  the  leaf.  The  processes  which  are  thus  brought  about  recall  in 
more  than  one  sense  the  features  which  will  be  depicted  below  in  other  ferns, 
for  example  in  the  cyatheaceous  Balantium  antarcticum,  only  that  the  sori 
do  not  appear  in  Azolla  as  they  do  there  upon  the  under  side  of  the  leaf,  but 
are  displaced  to  the  upper  side  whenever  the  formation  of  the  pit  sets  in. 

The  diagrammatic  representation  of  cross-sections  shown  in  Fig.  328, 1-III, 
will  illustrate  this.  The  youngest  stage,  Fig.  328,  I,  recalls  the  transverse  section 
of  a  leaf  of  a  young  fern  Such  as  is  shown  in  Fig.  207,  II.  We  saw  there  a  lamina, 
Z,  Z,  springing  from  marginal  cells.  In  the  sporocarp  of  the  Marsiliaceae  we  find 
quite  similar  marginal  cells,  R^  which,  however,  are  displaced  somewhat  more  towards 
the  upper  side.  In  some  parts  of  the  margin  corresponding  to  the  later-formed 
fruit-chambers  an  increased  growth  takes 
place,  accompanied  by  characteristic  divi- 
sions of  the  marginal  cells.  In  Fig.  328,  II, 
the  marginal  cells,  from  each  of  which  a 
sorus  springs,  are  marked  with  the  letter  .S*. 
They  are  already  sunk  in  a  shallow  pit, 
and  are  pushed  upwards  by  the  growth  of 
a  portion  of  the  under  side  of  the  leaf. 
At  the  same  time  the  deepening  of  the  pits 
begins,  'fhe  portions  which  are  marked 
y^  y  and  /,  /  grow  up  and  cause  the  sinking 
of  the  leaf-margin  more  and  more  in  a 

deep  pit  which  has  a  narrow  mouth  to  the  outside,  and  this  subsequently  forms 
by  concrescence  a  closed  canal.  If  now  we  compare  the  process  with  that  of 
Dicksonia,  which  will  be  mentioned  presently*,  we  see  quite  analogous*  processes 
if  we  only  consider  one-half  of  the  Fig.  331,  II.  The  portion  of  tissue  marked 
y^yv[i  Fig.  328,  which,  however,  remains  united  with  the  rest  of  the  sporocarp-tissue, 
corresponds  to  the  outer  indusium  (Fig.  331,  I,  Jo),  whilst  the  part  marked/,/  in  Fig. 
328  corresponds  to  the  inner  indusium  (Fig.  331,  I,/«).  As  a  matter  of  fact  one  may 
consider  usually  the  tissue  marked/, /as  an  indusium  in  the  Marsiliaceae,  especially 
because  in  the  process  of  emptying  of  the  sori  in  Marsilia  each  of  these  is  surrounded 
by  a  sac-like  envelope  (Fig.  329,  II).  These  indusia,  however,  are  not  laid  down  as 
separate  tissue,  but  are  raised  as  one  tissue-mass  common  to  all  the  sori,  and  in  it 
the  lines  along  which  they  will  subsequently  be  separated  one  from  the  other  can 
be  recognized  at  an  early  age.  If  then  these  are  to  be  regarded  as  individual  indusia 
one  must  assume  a  *  congenital  concrescence,'  but  even  now  I  know  of  no  ground 
for  such  an  assumption. 

The  question  may  be  asked  now — ^how  are  we  to  interpret  the  sporocarp  as 
a  whole  ?  I  may  state,  in  the  first  place,  that  I  have  nowhere  said  what  Johnson 
ascribes  to  me, '  that  it  represents  a  simple  leaflet  or  pinna  with  its  edges  folded  in 
to  meet  at  the  ventral  side  of  the  capsule  •.'  My  view  is  that  the  sori  are  sunk  in 
the  upper  side  of  the  sporophylls.    This  upper  side  is,  however,  extremely  narrow, 


PlO.  %i^.  Mardlia.  Three  sporocarps  of  different 
^e  in  dia^mmatic  transverte  section.  1,  yoongest ; 
C/.  npper  tide :  U^  under  tide ;  /?,  marginal  cells ; 
Z7,  segment-wall.  II,  older ;  y,  primordiani  of  indn- 
siun;  .S*,  S.  primordia  of  soms;  y.  v,  lateral  oat- 
growths  of  the  sporophylL  III,  still  older.  Lettering 
as  before.    Sori  are  shaded. 


»  Sec  p.  494. 


'  Not  homologous. 


*  This  is  A.  Brann's  interpretation,  not  mme. 
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represented  essentially  only  by  the  indusium.  In  Fig.  328,  III,  the  limits  are 
marked  by  the  letter  O,  Everything  else,  apart  from  the  margin,  is  strongly 
developed  under  side -y  an  infolding  does  not  take  place.  Johnson's  statement 
that  the  sporocarp  is  homologous  with  the  'petiole  only  of  the  sterile  branch  of 
a  leaf,'  does  not  correspond  with  the  facts.  What  is  the  'petiole'  of  a  fern-leaf? 
The  portion  of  the  leaf-primordium  on  which  the  formation  of  the  lamina  is  sup- 
pressed entirely  or  in  great  part,  and  where  the  formation  of  mechanical  tissue  is 
conspicuous  instead  I  The  sporocarp  is  not  homologous  with  this  differentiated 
part  of  a  leaf,  but  with  a  leaf-primordium  on  which  the 
differentiation  of  the  lamina  is  «o/^^/ begun,  as  is  shown 
for  Petris  (Fig.  207,11).    That  is  a  difference !  Bttsgen's 


Fig.  339.  I,  Marsilia  polycarpa.  Very  yonng  sporocarps  from  the 
apper  side :  .SV,  stalk ;  x^x\y  mother-crlls  of  the  sori  which  proceed  from 
marsfinal  cells,  but  appear  to  be  displaced  to  the  upper  side.  II,  Marsilia 
Brownii.  Olaer  sporocarp  in  section  parallel  with  the  surface.  Bight  sori 
are  seen.  Ill,  Marsilia  polycarpa.  Sporocarp  like  that  of  I  in  optical 
longitudinal  section.  The  large  cells  are  the  mother-cells  of  the  sori. 
I  and  III  magnified. 


Fig.  330.  PUularia  Novae-HoUandiae. 
Anterior  portion  of  a  plant  in  profile.  Two 
rows  of  leaves  are  visible  upon  the  dorsi- 
ventral  shoot-axis.  .Si,  .Sa,  .Vi,  sporocarps; 
W^  IV,  roots ;  PFo,  broken-off  root.  Two 
roots  arise  beside  each  leaf.    Magnified. 


observations  of  monstrosities  show  also  that  in  rare  cases  pinnules  of  Marsilia  may 
develop  to  sporocarp-like  structures,  and  A.  Braun  found  a  pinnule  with  narrow 
lamina  instead  of  the  sporocarp  in  Marsilia.  Now,  as  heretofore,  I  regard  the 
sporocarp  as  homologous  with  a  leaf-segment,  just  as  it  is  in  Schizaea.  The  only 
point  in  doubt  is  whether  one  should  consider  the  marginal  portion  which  is 
devoted  to  the  formation  of  the  sorus  as  indication  of  a  further  pinnation  which, 
however,  remains  fused  with  the  leaf.  In  support  of  this  I  know  of  no  weighty 
grounds  at  the  present  time. 

Marsilia  polycarpa.  In  order  to  explain  the  relationships  still  further  I 
would  refer  to  a  very  instructive  preparation  of  Marsilia  polycarpa  which  is  repre- 
sented in  Fig.  329 : — In  I  we  have  a  view  of  the  upper  surface  of  an  en/ire  sporocarp 
which  has  been  dissected  out.  It  is  extremely  small  and  still  straight  It  is  a  club-like 
body  whose  lower  part,  St,  develops  subsequently  into  stalk.  The  two-sided  apical 
cell  is  still  visible  at  the  apex.  The  primordia  of  the  sori,  ^,  ^1,  are  evident,  and  are 
clearly  superficial  cells,  and  indeed,  as  a  transverse  section  shows,  are  marginal  cells 
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which  bulge  up  by  their  size.  They  are  mostly  divided  by  a  cross-wall  into  two 
ceUs,  and  these  cells  it  is  which  in  the  manner  described  above  become  subsequently 
sunk  in  pits.  Fig.  329,  III,  gives  a  side-view  of  the  margin,  and  already  there  are 
upon  the  upper  side  of  the  sporocarp  three  shallow  longitudinal  pits  which  are 
separated  from  one  another  by  an  intermediate  elevation. 

I  need  not  go  into  details  further  here.  It  must  suffice  that  we  have 
determined  that  the  remarkable  relationships  of  configuration  of  the  sporo- 
carp of  the  Marsiliaceae  can  be  referred  back  to  the  formation  of  the 
sporophylls  in  other  leptosporang^ate  ferns,  and  that  they  only  exhibit  a 
special  case  in  relation  to  the  life-relationships. 

Hypogeous  Sporocarps.  a  few  words  must  be  said  about  the  Mar- 
siliaceae which  bury  their  sporocarps  in  the  soil.  In  West  Australia  I 
gathered  Pilularia  Novae-Hollandiae,  which  is  shown  in  Fig.  330.  The  stalk 
of  the  sporocarp  in  this  plant  bends  very  early  downwards,  and  the  sporocarp 
itself  is  directed  with  the  mouth  of  the  pit  obliqiiely  upwards.  There  is  no 
doubt  that  we  have  here  a  phenomenon  quite  like  that  of  the  formation  of 
tubers  *  in  the  Hepaticae,  and  that  we  have  especially  a  protection  against 
rapid  and  extreme  drying.  Quite  similar  relationships  are  apparently 
found  in  Marsilia  subterranea,  but  I  do  not  know  this  plant  from  my  own 
observation.  Amongst  the  Spermophyta  there  are  a  number  of  cases  in 
which  the  ripening  fruits  are  buried  in  the  soil.  The  examples  here  men- 
tioned show  us  anew  how  analogous  adaptations  are  repeated  in  the  most 
different  cycles  of  affinity. 

3.   Position  and  Arrangement  of  the  Sporangia  upon  the 
Sporophylls  and  their  Protection  in  Filicineae. 

These  relationships  are  amply  explained  in  systematic  works.  Here  only 
some  general  connexions  will  be  set  forth,  in  order  that  a  comparison  may 
be  made  with  Spermophyta. 

{a)      POSITION   OF  THE  SPORANGIA. 

If  we  keep  in  view  the  relationships  in  all  the  Pteridophyta  it  would 
appear  as  if  nearly  all  possibilities  were  realized.  The  sporangia  are  upon 
the  upper  side  of  the  sporophyll  in  the  Lycopodineae ;  upon  the  under  side 
in  most  of  the  Leptosporangiate  Filicineae  and  in  the  Marattiaceae ;  upon 
the  leaf-edges  in  the  Schizaeaceae  where  there  is  a  slight  displacement 
downwards,  in  the  Marsiliaceae  where  there  is  a  slight  displacement  upwards, 
and  in  the  Ophioglossaceae  where  in  the  mature  condition  of  the  leaf  they 
appear  displaced  upwards ;  uniformly  distributed  all  round  in  Osmunda^,  in 
the  Equisetaceae,  and  in  Salvinia ;   on  the  placenta  (*  receptacle ')  in  the 


'  See  p.  66. 

'  See  Goebel,  Veigleichende  Entwicklongsgeschichte  der  Pflanzenoigane,  in  Schenk's  Handbnch 
der  Botanik,  iii  (1884),  p»  387.    In  the  allied  Todea  they  stand  upon  the  under  side. 
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Hymenophyllaceae.    This  variability  we  shall  also  meet  with  in  the  sporo- 
phylls  of  the  Spermophyta. 

General  connexions  in  this  variety  will  not  be  easy  to  find  without  the 
help  of  some  more  or  less  bold  hypotheses.  These  will  be  of  most  service 
within  narrow  cycles  of  affinity,  for  example  that  of  the  Filicineae.  We  may 
here,  as  it  appears  to  me,  establish  the  fact  that  the  sporangia  in  general 
*  strive  *  for  a  position  upon  the  under  side  of  the  leaf  the  more  the  portion  of 
the  sporophyll  bearing  the  sporangia  is  constructed  like  a  foliage-leaf  The 
position  of  the  sporangia  upon  the  under  side  will  be  of  advantage  in  many 
ways : — 

(d)  The  capacity  of  assimilation  oi  \\\^  side  of  the  leaf  turned  towards 
the  light  will  not  be  interfered  with  ; 

(p)  The  sporangia  which  in  the  land-forms  only  scatter  their  spores 
when  they  dry  will  h^  protected  from  wetting  \ 

{c)  The  distribution  of  spores  will  be  favoured  because  the  spores  will 
fall  away  from,  and  not  upon,  the  surface  of  the  leaf. 

Only  rarely  do  the  sporangia  occur  upon  the  upper  surface  of  sporo- 
phylls  which  are  like  foliage-leaves  ^. 

The  following  examples  will  illustrate  what  has  just  been  said : — 

The  difference  between  Osmunda  and  Todea  is  very  striking.  In  Osmunda 
the  sporophylls  are  sharply  distinguished  from  the  foliage-leaves.  In  Todea 
they  are  not  so.  If  in  Osmunda  only  a  few  sporangia  were  to  be  found  upon 
the  leaf,  they  would  stand  as  in  Todea  upon  the  under  side.  We  have  then 
here  in  one  and  the  same  plant  the  connexion  mentioned  above. 

In  the  same  way  the  marginal  position  is  mostly  found  where  the  fertile 
leaf-part  is  not,  or  only  seldom,  assimilating,  as  in  Ophioglossum,  Botry- 
chium,  Aneimia  (Section  Euaneimia).  The  attempt  has  been  made*  to 
establish  this  position  as  the  primary,  and  the  position  upon  the  under  side 
as  a  displacement  Such  a  displacement  has  been  observed  in  the  history 
of  development  of  many  cases,  for  example  amongst  the  Schizaeaceae,  in 
Schizaea,  Lygodium,  Mohria,  and  in  many  species  of  Aneimia.  In  all  these 
the  sporangium  is  laid  down  as  a  marginal  structure,  and  is  displaced  upon 
the  under  side  by  the  development  of  the  *  indusium/ 

Dicksonia  antarctioa.  A  simple  example  of  this  is  shown  in  Dicksonia 
antarctica  (Fig.  331,  III).      The  tufts  of  sporangia,  which  apparently  spring  from 

^  For  example,  in  Aspidinm  anomalnm  of  Ceylon,  which  may  be  only  a  form  of  Aspidium 
acnleatum,  and  regarding  which  therefore  it  is  questionable  whether  it  is  constantly  reproduced  by 
spores,  and  the  more  so,  because  in  other  ferns  which  normally  bear  sporangia  upon  the  under  side 
the  position  upon  the  upper  side  occasionally  is  found,  as  in  Polypodium  lepidotum,  P.  proliferum, 
and  Asplenium  Trichomanes.  See  Kunze,  tJber  abnorme  Fruchtbildung  auf  der  Oberflache  der 
Wedel  von  Farm  aus  den  Polypodiaceen,  in  Botanische  Zeitimg,  vi  (1848),  p.  687.  It  should  be 
tried  whether  by  sowing  the  spores  of  Asplenium  anomalnm  the  offspring  may  not  in  some  cases 
produce  also  sporangia  upon  the  under  side.    With  regard  to  Acrostichum  peltatum,  see  p.  486. 

'  Prantl,  Untersuchungen  zur  Morphologie  der  Gei'asskryptogamen :  II.  Die  Schizaeaceen, 
Leipzig,  1881. 
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the  under  side  of  the  leaf  are  enclosed  by  an  envelope  or  indusium  of  two  flaps. 
The  upper  overlapping  flap,  Jo,  has  the  structure  of  the  leaf-surface  apart  from  its 
hairy  margin ;  the  under  overlapped  ^^py/u,  is  composed  of  cells  without  chlorophyll, 
and  serves  at  first  for  water-storage,  but  later  experiences  a  movement  *  which  lays 
bare  the  sorus  and  so  brings  about  the  distribution  of  the  spores.  The  history  of 
development  shows  that  the  cushion  of  tissue — the  placenta — upon  which  the  spor- 
angia sit,  proceeds  from  the  leaf-margin,  which  was,  however,  at  an  early  period 
displaced  upon  the  imder  side  of  the  leaf.  This  process  is  begun  in  the  stage  shown 
in  Fig.  331, 1,  where  the  wedge-shaped  cell,  R,  which  occupies  the  leaf-margin,  is 
conspicuous ;  the  under  indusial  flap,  /u,  is  also  seen  to  be  laid  down  as  an  out- 
growth of  the  under  side  of  the  leaf,  and  the  position  at  which  the  upper  flap,  /o, 
takes  origin  is  clearly  visible,    /u  is  then  an  outgrowth  of  the  under  leaf-surface ; 


^I'J^ 


Pl&  $%i.  Dicksonia  antarctica.  I,  pinnule  preparing  for  the  inception  of  a  sonis,  in  transverse  section ;  R^ 
marginal  cell.  II.  the  same  in  an  older  sta^  Sfi,  primordiom  of  sporannomi  III,  soms  almost  ripe,  in 
transverse  section ;  P,  placenta.  In  all  figures :  Jo^  primordium  of  the  opper  inaosial  flap ;  y«,  primordinm  of  the 
under  indusial  flap. 

/o  an  outgrowth  of  the  upper  surface  of  the  leaf.  The  first  sporangia  proceed  from 
the  marginal  cells  of  the  broadened  leaf-margin  itself^  and  there  they  follow  one 
another  in  irregular  serial  succession. 

Essentially  the  same  processes  are  observed  in  Davallia  and  in  other  cases. 

If  now  we  imagine  this  process  to  be  shortened  so  that  the  upper  indusial  ^zp/rom 
the  very  first  occupies  the  margin  of  the  leaf  instead  of  subsequently  attaining  this 
position  in  course  of  elongation,  then  in  other  words  we  have  it  that  the  sporangia 
appear  upon  the  under  side  of  the  leaf.  They  arise  here  often  quite  close  to  the 
leaf-margin,  for  example  in  Allosurus,  Fig.  332,  where  the  youngest  sporangia — 
the  outermost  ones  • — are  only  separated  by  one  cell  from  the  leaf-margin.     Whether 


*  How  this  takes  place  requires  investigation,  as  does  the  movement  of  the  indnsium-lobes  in 
many  species  of  Hymenophyllum,  but  there  can  be  little  doubt  that  drying  is  the  cause  of  the 
movement. 

'  We  may  constitute  the  following  series  : — 

(i)  Single  marginal  sporangia  in  the  Schizaeaceae  and  Ophioglossaceae. 

(a)  In  addition  to  these  there  are  some  which  are  further  up  on  the  upper  side  of  the  lea^ 
and  upon  the  under  side  of  the  leafl 

(3)  The  formation  of  the  marginal  sporangia  is  suppressed,  the  margin  grows  vegetatively, 
and  the  sporangia  on  the  upper  side  are  usually  suppressed  in  the  Polypodiaceae  and  others. 

•  New  ones  also  arise  towards  the  inside. 
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this  displacement  corresponds  with  a  phyletic  process  is  at  present  beyond  our 
knowledge. 

(3)    ARRANGEMENT   OF  THE  SPORANGIA. 

The  sporangia  stand  upon  the  sporophylls  either  singly  or  in  groups.  If 
they  arise  upon  a  placenta  into  which  a  continuation  of  a  vein  enters,  either 
directly  or  through  a  tracheid -group,  we  get  the  sorus.  There  is,  however,  no 
sharp  limitation  of  the  sorus  in  many  cases,  and  Bower  ^  has  recently  grouped 
succinctly  the  distribution  of  sporangia  as  follows : — 

(i)  Sitnplicesi  Sporangia  solitary,  or  if  in  groups  developed  synchro- 
nously :  in  Marsiliaceae,  Osmundaceae,  Schizaeaceae,  Gleicheniaceae, 
Matoniaceae. 


^10*  3.^-     I*  Hymenolepis  tpicAta. 
II.  Elaphoglossam  (Acrocticbum)  spa- 
FlO.  333.    Allosorus  criapos.    Apex  of  the  pinnule  of  a  sporo-  thulatum.     Still  folded   sporophyll  in 

phyll  seen  from  the  under  side.    Highly  magnified.  transverse  section,  underside  upwards. 

When  unfolded  and  mature  the  sporo- 
phyll  is  flat. 

{i)  Gradatae:  Sporangia  arising  in  basipetal  succession  upon  a  more 
or  less  elongated  placenta :  in  Loxsomaceae,  Hymenophyllaceae,  Cyathe- 
aceae,  Dicksonieae,  Dennstedtineae. 

(3)  Mixtae :  Sporangia  of  different  ages  mixed  together :  in  all  the 
rest  of  the  leptosporangiate  ferns. 

(r)     THE   PROTECTIVE  ARRANGEMENTS   FOR  THE  SPORANGIA. 

By  the  Whole  Configuration  of  the  Sporophyll.  In  many 
ferns  the  sporangia  are  protected  by  the  ptyxis  of  the  sporophyll,  for  ex- 
ample in  Ophioglossaceae  ^,  or  the  margin  of  the  sporophyll  bends  over  the 
sporangium,  just  as  the  margin  of  the  carpel  of  Angiospermae  bends  over  the 
ovule.  The  resemblance  is  conspicuous  in  many  Acrostichaceae.  The 
sporophylls  of  Elaphoglossum  (Fig.  333,  II)  have  in  their  young  condition  a 


*  Bower,  Stadies  in  the  Morphology  of  Spore-producing  Members :  IV.  The  Leptosporangiate 
Ferns,  in  Phil.  Trans.,  1899,  should  be  consulted  regarding  this  point.  I  cannot  go  here  into 
characters  taken  from  the  structure  of  the  sporangia.  * 

*  See  p.  481. 
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pod-like  appearance.  They  have  their  margins  bent  downwards  \  Hy meno- 
lepis  spicata  shows  the  same  features  only  that  a  larger  part  of  the  leaf-surface 
is  free  from  sporangia  (Fig.  333,  I).  It  is  clear  that  such  an  arrangement 
will  have  relation  to  the  age  of  the  sporangia  at  the  time  when  the  sporo- 
phyll  imfolds.  If  the  sporangia  at  the  time  of  unfolding  of  the  sporophyll 
are  already  mature  or  provided  with  thick  walls,  they  will  require  less  pro- 
tection than  would  young  sporangia  standing  upon  an  unfolded  leaf.  Per- 
haps this  is  the  reason  why  in  the  Gradatae  and  Mixtae  protective  arrange- 
ments are  developed  in  profusion. 

By  Hairs  upon  the  Sporangia.  These  occur  in  Gymnogramme 
villosa,  G.Totta,  Polypodium 
crenatum,and others*.  These 
hairs  may  also  occur  between 
sporangia.  Peltate  hairs  form 
a  specially  effective  protec- 
tion. 

By  Indusia.  These  are 
outgrowths  of  the  margin  of 
the  leaf,  of  the  under  side 
of  the  leaf,  of  the  placenta^. 
The  importance  of  the  indu- 
sium  was  established  long 
ago  experimentally  by  Koel- 
reuter*  who  found  in  different 
ferns  that  the  sporangfia  dried 
up  if  the  indusium  was  re- 
moved from  young  sori.     In 

young  sori  of  Scolopendrium  vulgare  he  found  an  exudation  of  drops 
which  according  to  his  view  proceeded  from  the  indusium,  a  proof  therefore 
that  the  indusia  in  the  juvenile  conditions  are  very  rich  in  water.  The 
indusia  dry  later  and  so  allow  of  the  distribution  of  the  spores*. 

By  Sinking  of  the  Sori  in  Pits.  This  may  be  combined  with 
the  formation  of  an  indusium,  for  instance  in  Scolopendrium.  Polypodium 
obliquatum  offers  a  simpler  condition  (Fig.  334).  The  sori  are  placed  in 
depressions  of  the  leaf-tissue  which  are  surrounded  by  an  annular  growth 
(Fig.  334,  E).    The  sporangia  according  to  their  age  reach  the  mouth  of 


Pia 
matic 
sporophyl 


3.^  Polypodimn  obliqnatam.  Soros  ia  somewhat  dia2nun- 
lonffitDdmal  section:  Sp^  sporanffU;  B^  elevation  on  the 
hylT;  G^  vascular  supply.    Ma^iMd. 


^  The  sporangia  here  arise  upon  the  whole  surface  excepting  apon  the  margins  and  the  midrib. 

•  See  Gliick,  Die  Sporophyllmetamorphose,  in  Flora,  Ixxx  (1895). 

'  See  Bnrck,  Over  de  ontwikkelings  geschiedenis  en  den  aud  van  het  Indnsinm  der  Varens, 
Academisch  Proeischrift,  Haarlem,  1874 ;  Gliick,  op.  dt. 

^  See  Koelreoter,  Das  entdeckte  Geheimniss  der  Kryptogamie/  Karlsruhe,  1777. 

'  When  speaking  of  the  sporangia  the  specially  peculiar  formation  of  indusia  in  Lygodium  will 
be  described  (see  p.  59a).  Further  investigation  is  required  before  we  can  say  whether  in  many  ferns 
the  indusium  when  ripe  experiences  any  other  movements  than  those  due  to  shrinking. 

OOKBBL  II  K  k 
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the  pit  by  an  elongation  of  their  stalk,  and  then  they  discharge  their  spores. 
The  young  sporangia  are  protected  by  the  old  ones.  In  other  ferns,  for 
example  Polypodium  jubaeforme,  P.  saccatum,  there  are  hairs  between  the 
sporangia  which  originally  close  the  mouth  of  the  pit.  The  sinking  of  the 
sporangia  in  the  Marsiliaceae  is  not  essentially  different  from  this,  only  that 
there  the  mouth  of  the  sorus-pit  is  closed  subsequently. 

4.  Conditions  for  the  Appearance  of  the  Sporophyll. 

The  sporophyll  does  not  appear  in  germination  but  only  after  a  definite 
age  has  been  reached  by  the  plant— earlier  naturally  in  annual  ferns  like 
Anogramme  leptophylla,  than  in  perennial  forms  which  develop  slower. 
There  can  be  no  doubt  that  the  formation  of  the  sporangium  and  the 
sporophyll  are  dependent  upon  definite  external  factors — intensity  of  light, 
relationships  of  nutrition — and  upon  inner  relationships  (correlation).  That 
correlation  exists  here  has  been  experimentally  shown  where  we  get  a 
transformation  of  the  primordia  of  sporophylls  into  foliage-leaves ^  and  it  is 
quite  evident  that  the  plants  only  proceed  to  the  formation  of  sporangia 
when  they  have  accumulated  a  sufificient  amount  of  plastic  material.  Besides 
these  conditions,  which  we  may  designate  shortly  as  the  reaching  of  a  certain 
stage  of  'ripeness,'  some  special  stimuli  appear  to  be  concerned  in 
isolated  cases. 

The  dependence  of  the  formation  of  sporophylls  upon  external  factors 
has  not  been  much  examined.  RaJSiborski^  has  proved  a  remarkable  case 
in  a  fern  allied  to  Acrostichum  Blumeanum.  This  fern  formed  as  it  grew 
upon  the  groimd  very  luxuriant  leaves  but  no  sporophylls,  but  the  latter 
appeared  when  the  plant  was  given  the  possibility  of  climbing  upon  a  vertical 
support  What  changes  in  the  life-condition  *set  free'  the  formation  of 
sporophylls  here  is  not  known.  I  may,  however,  conjecture  that  a  pre-eminent 
factor  was  the  restriction  in  growth  of  the  rhizome  after  a  preceding  period 
of  good  nourishment.  The  case  would  be  analogous  to  that  of  Marsilia 
quadrifolia.  If  this  plant  grows  in  water  it  forms  long,  very  luxuriant 
shoots  but  produces  no  sporophylls,  whilst  the  sporophylls  appear  in  quantity 
if  it  grows  upon  land  ^.  If  the  plant  be  cultivated  upon  persistently  dry 
soil  then  usually  sporophylls  do  not  appear*.  The  plant  is  then  evidently 
enfeebled  and  under-nourished.  In  the  fructifying  shoots  we  may,  how- 
ever, observe  that  the  intemodes  of  the  shoot-axis  are  shorter  and  more 
contracted  than  in  the  luxuriant  water-shoots,  and  it  might   be  possible 


»  Sec  p.  474. 

'  Radiborski,  Morphogenetische  Versuche:  I.  Beeinflassnng  der  Sporophyllbildniig  bei  dem 
Acrosticham  Blameano  affine,  in  Flora,  Ixxzvii  (1900),  p.  35. 

'  The  relationships  of  adaptation  to  mobt  and  dry  soils  also  are  operative  here. 

*  See  A.  Brann,  Nachtragliche  Mittheilnngen  iiber  die  Gattongen  Marsilia  and  Pilnlaria,  in 
Monatsberichte  der  Berliner  Akademie  aus  dem  Jahre  1873,  p.  650. 
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experimentally  to  compel  the  formation  of  sporophylls  here  also  by 
restricting  the  growth.  We  must  therefore  in  every  species  consider  with 
care  the  life-conditions  to  which  it  is  adapted  as  these  are  of  importance 
for  the  appearance  of  the  sporophylls. 

II.    EQUISETACEAE. 

The  sporophylls  of  Equisetum  are  stalked  disks  which  bear  the  sporangia 
distributed  around  the  under  side  of  their  peltate  surface.  The  divergence  in 
form  from  the  sterile  leaf  is  great :  the  sterile  leaves  are  concrescent  in  a 
sheath  and  form  the  single  teeth  of  it ;  the  sporophylls  are  free  and  peltate. 
The  greatness  of  the  differences  between  the  two  constructions  shows  that 
they  appear  early.    The  questions  that  we  have  to  ask  here  are 

(a)  What  is  the  biological  significance  of  the  conformation  of  the 
sporophyll  ? 

{b)  What  connexion  is  there  between  the  sporophylls  and  the  sterile 
leaves? 

{a)  The  sporophylls  form  a  close-set  spike-like  flower.  They  lie  with 
their  disk-like  margins  at  first  close  against  one  another  and  to  a  certain 
extent  interlocked,  and  in  this  way  the  young  sporangia  upon  the  under 
side  of  the  disks  are  completely  protected,  so  that  there  is  no  need  for  an 
indusium  or  any  other  protective  apparatus.  The  internodes  between  the 
whorls  of  sporophylls  are  primarily  very  short ;  they  elongate  later  as  do 
the  stalks  of  the  sporophylls,  and  then  the  sporangia  when  they  are  ripe 
open  by  drying  and  scatter  the  spores^.  We  find  quite  the  same  configura- 
tion of  sporophyll  in  the  male  flowers  of  many  Coniferae,  for  example  Taxus. 
In  Equisetum  then  the  conformation  of  the  sporophyll— the  peltate  form, 
and  the  possession  of  a  stalk — is  connected  with  the  protection  of  the 
sporangia  and  with  the  dissemination  of  the  spores. 

{b)  The  vegetative  leaves  act  as  a  protective  apparatus  to  the  stem  and 
its  still-growing  internodes.  It  is  probable  that  they  are  reduced,  although 
it  is  difficult  to  speak  with  certainty  in  the  absence  of  allied  living  forms. 
The  primordia  of  the  leaves  arise  as  papillae  projecting  upon  the  vegetative 
point.  The  upper  portion  of  the  papilla  is,  however,  in  the  vegetative  leaves 
only  applied  to  the  formation  of  the  leaf  2,  whilst  the  lower  portion  of  the 
primordium  serves  as  an  envelope  to  the  intemode  of  the  shoot  But 
the  cells  of  the  primordium  of  the  sporophyll  are  all   drawn   into  the 


*  This  is  facilitated  in  some  species  by  the  bending  upwards  of  the  stalk  of  the  sporophyU  which 
is  evidently  negatively  geotropic  This  is  the  case  in  Equisetum  Telmateia ;  see  Goebel,  Ontlines 
of  Classiftcation  and  Special  Morphology  of  Plants,  English  Edition,  Oxford,  1887,  Fig.  aai. 
The  surface  of  the  sporophyll  is  placed  obliquely  or  almost  horizontally,  and  this  prevents  the  spore- 
masses  from  coming  to  lie  in  quantity  between  the  sporophylls.  There  is  certainly  no  chance  of 
this  happening  in  this  species  which  possesses  the  largest  sporophylls. 

*  Connected  with  the  slight  development  of  the  leaf. 

Kk  2 
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formation  of  the  sporophyll,  and  we  have  a  correspondingly  more  massive 
development  of  the  sporophylP.  The  difference  of  the  development, 
apart  from  the  relationship  of  volume,  consists  fundamentally  in  this, 
that  at  a  very  early  period,  even  before  the  appearance  of  the  stalk  of 
the  sporophyll,  which  arises  by  intercalary  growth,  that  distribution  of 
gfrowth  sets  in  which  leads  to  a  hypopeltate  form  of  leaf*,  and  by  which 
a  reduction  of  the  leaf-surface  constituting  the  upper  part  of  the  leaf  takes 
place,  at  the  same  time  the  marginal  growth  which  elsewhere  results  in  the 
formation  of  a  thin  leaf-lamina  is  suppressed.  The  occasional  occurrence 
of  intermediate  forms  between  sporophylls  and  v^etative  leaves  is  quite  in 
accordance  with  the  development  ^.  In  these  intermediate  states  a  lamina 
is  often  more  developed  and  it  corresponds  then  always  to  the  upper  part 
of  the  sporophyll ;  the  lower  part  of  the  sporophyll  is,  in  relation  to  the 
sterile  leaf,  a  new  formation  such  as  is  found  in  the  stamens  of  many 
Cupressineae,  or  in  the  kataphylls  of  Asparagus  comorensis  (Fig.  215).  The 
fact  that  the  first  developed  stages  of  vegetative  leaf  and  sporophyll  conform 
to  one  another,  and  that  the  primordium  of  the  vegetative  leaf  only 
partially  grows  out,  whilst  that  of  the  sporophyll  grows  out  entirely,  is  to 
my  thinking  not  an  argument  in  favour  of  the  view  that  the  configuration  of 
the  sporophylls  in  the  Equisetaceae  is  phyletically  the  origfinal  one*;  it 
rather  shows  that  here  as  always  the  development  is  in  harmony  with  the 
condition  arrived  at  in  the  adult.  A  thin  organ  demands  less  cell-material 
than  a  thick  organ.  At  most  one  could  find  in  the  development  of  the 
primordia  of  the  vegetative  leaves  a  reason  for  saying  that  they  were  at  one 
time  more  massively  developed  than  they  are  now.  But  we  see  that  even 
now  we  can  derive  without  difficulty  the  sporophyll  from  the  foliage-leaves. 
Assimilation-organs  of  the  conformation  of  the  sporophylls  of  Equisetum 
would  be  very  wonderful  constructions. 

Protection  at  Base  and  Apex  of  Flower.  At  the  base  of  the 
flower  of  Equisetum  there  is  one  whorl  ^  of  leaves  which  differ  both  from  the 
vegetative  leaves  and  from  the  sporophylls.  This  whorl  is  called  the  annulus^ 
and  it  is  occasionally  drawn  into  the  formation  of  sporophylls.  The  question 
whether  any  functional  significance  attaches  to  this  structure  appears  so  far 
as  I  know  to  have  been  overlooked.  Yet  that  it  does  possess  such  a  signifi- 
cance in  the  bud-condition  of  the  flower  is  indubitable.  The  sporangia  are 
so  crowded  tc^ether  that  they  are  concealed  under  the  peltate  expansions 
of  the  sporophylls.  The  lower  sporangjia  of  the  lowermost  whorl  of  sporo- 
phylls would  be  exposed  but  that  the  annulus  protects  them,  and  is  so 

^  Goebel,  Beitxi^  vox  vergleichenden  Entwicklnngsgeschichte  der  Sporangien,  in  Botanische 
Zeitnng,  xxxviii  (i 880),  p.  549.  Gliick,  Die  Sporophyllmetamorphose,  in  Flora,  Ixxx  (i  895),  conflnned 
this  later. 

*  See  p.  334.  •  See  GlUck,  op.  cit. 

*  Whether  there  are  other  grounds  for  this  may  be  left  nntonched  here. 
'  In  Equisetum  arvense  there  axe  sometimes  two. 
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constructed  that  it  fits  accurately  into  the  projections  of  the  sporophylls, 
like  a  bit  of  moulding  wax,  and  closes  the  base  of  the  flower.  We  may 
compare  it  in  respect  of  this  function  with  the  calyx  of  the  Spermophyta. 
In  this  function  the  arrest  which  this  leaf-whorl  has  experienced  may  find  a 
teleological,  but  not  a  causal  explanation.  At  the  top  of  the  flower  an  analo- 
gous protective  device  is  provided  inasmuch  as  the  sporophylls  which  stand  at 
the  tip  are  incompletely  developed,  and  remain  concresceht  partially  wjth 
the  flower-axis^.  Their  configuration  is,  however,  somewhat  different  from 
that  of  the  annulus,  and  gives  no  support  to  the  conjecture  that  the  annulus 
is  the  result  of  the  sterilization  of  sporophylls.  The  annulus  is  clearly  an 
arrested  formation  of  the  v^etative  leaves. 

The  flowers  of  the  Equiseta  are  shoots  of  limited  growth.  This  finds 
expression  in  the  arrangement  of  the  cells :  the  apical  cell  of  the  vegeta- 
tive shoot  is  replaced  by  a  cell-group.  The  formation  of  the  flower  is  then 
not  merely  a  consequence  of  a  change  in  the  configuration  in  the  leaves  but 
also  involves  a  change  in  the  axis  of  the  shoot..  In  support  of  this  we  have 
also  the  fact  that  the  leaf-sheaths  enveloping  the  flower-buds  are  larger  than 
those  in  the  v^etative  shoots,  evidently  in  correspondence  with  the  larger 
circumference  of  .the  flower-bud. 

The  production  of  the  sporophylls  in  many  species  of  Equisetum 
effiects  a  change  in  the  external  configuration  of  the  whole  shoot  whose  end 
becomes  the  flower.  In  other  species  we  do  not  find  this.  A.  Braun  has 
in  consequence  of  this  difference  divided  the  species  of  Equisetum  into  two 
series : — 

{a)  Equiseta  homophyadica,  in  which  the  sterile  and  fertile  shoots 
are  alike,  as  in  Equisetum  palustre,  E.  limosum,  E.  hyemale. 

(b)  Equiseta  heterophyadica,  in  which  the  sterile  and  fertile 
shoots  are  different,  and  the  fertile  shoots  are  distinguished  by  having  no 
branches ;  they  cannot  assimilate  because  they  have  no  chlorophyll,  and  their 
chromatophores  contain  a  reddish  colouring  substance  instead  of  chloro- 
phyll. It  may  well  be  that  in  this  way  the  fertile  shoot  obtains  a  greater 
amount  of  heat.    The  heterophyadic  forms  in  turn  fall  into  two  series : — 

{a)  Equiseta  heterophyadica  ametabola,  as  in  Equisetum  arvense 
and  E.  Telemateia,  where  the  fertile  shoots  remain  in  this  stage  of  develop- 
ment, and  after  the  shedding  of  the  spores  die  away. 

{b)  Equiseta  heterophyadica  metabola,  as  in  Equisetum  pratense 
and  E.  sylvaticum,  where  the  fertile  shoot  subsequently  forms  whorls  of 
branches  and  becomes  green — the  process  taking  place  in  different  ways^ 
In  Equisetum  sylvaticum  the  tissue  of  the  internode  of  the  fertile  shoots 

'  In  Equisetum  arveDse  the  nppennost  incompletely  developed  sporophylls  are  not  infrequently 
concrescent  into  one,  apparently  terminal,  peltate  sporephylL 

*  See  Goebd,  Uber  die  Fmchtsprosse  der  Eqniseten,  in  Berichte  der  deutschen  botanischen 
Gesellschaft,  iv  (1886),  p.  184. 
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remains  at  first  embryonal,  and  is  protected  by  the  specially  long  leaf-sheaths. 
Subsequently  this  develops  like  that  of  the  sterile  shoot.  In  Equisetum 
pratense  the  persistence  of  embryonal  tissue  and  the  subsequent  develop- 
ment only  affects  the  lower  portion  of  the  internode ;  the  upper  portion  has 
passed  into  permanent  tissue,  and  does  not  change. 

The  fertile  shoots  appear  then,  when  they  are  compared  with  the 
sterile  shoots,  ^s  formations  arrested'^  at  a  simpler  stage  of  their  configuration 
and  of  their  anatomical  structure.  In  the  Equiseta  heterophyadica  ametabola 
this  arrest  is  permanent ;  in  the  others  it  is  temporary.  Experiment  shows 
us  that  the  fertile  shoots  of  the  ametabolous  species  may  be  induced  to  pro- 
ceed to  at  least  a  partial  vegetative  development  *.  If  they  are  submerged 
some  of  them  die  away  but  a  large  number  of  them  send  out  lateral  shoots 
from  the  lowest  up  to  the  sixth  internode,  and  the  internodes  themselves 
become  green*.  These  shoots  also  appear  to  us  as  arrested  formations, 
and  it  is  probable  that  the  arrest  stands  in  connexion  with  both  external 
and  internal  conditions. 

With  regard  to  the  external  conditions  we  may  recall  that  the  ametabo- 
lous Equiseta  are  those  which  develop  their  fertile  shoots  in  the  early  spring. 
The  soil,  especially  that  of  the  moist  stations  in  which  the  Equiseta  are 
found,  is  at  this  time  still  cold,  and  their  intake  of  water  is  correspondingly 
hindered.  The  degree  of  temperature  suffices  for  the  elongation  of  the  fertile 
shoots  which  were  already  almost  completely  formed  in  the  autumn.  The 
v^;etative  development  only  b^ins  later,  and  the  vegetative  shoots  probably 
withdraw  from  the  fertile  shoots  material — water  and  other  substances — 
which  these  might  use  for  vegetative  development.  The  homophyadic 
Equiseta  develop  their  fertile  shoots  later  at  a  time  when  the  conditions  for 
the  intake  of  water  are  more  favourable.  The  metabolous  Equiseta  stand 
intermediate  to  the  other  groups — that  is  to  say  they  grow,  so  far  as  my 
experience  goes,  upon  soil  that  is  less  cold  and  wet. 

Whilst  the  fertile  shoots  of  the  Equiseta  as  of  the  Filicineae  appear  to 
be  the  result  of  transformation  of  the  sterile  ones,  experience  also  allows  us 
to  conclude  that  the  differences  in  the  behaviour  of  the  fertile  shoots  can  be 
brought  into  connexion  with  the  relationships  of  life*.     Further  experi- 


'  Compare  the  temponury  and  persistent  arrest  in  the  cotyledons.   See  p.  403. 

*  See  Goebel,  Uber  die  Fmditsprosse  der  Eqniseten,  in  Berichte  der  dentschen  botanischen 
Gescllschaft,  iv  (1886),  p.  187. 

*  This  phenomenon  is  seen  also  in  natnre  in  meadows  which  are  under  water  in  the  early  spring. 
See  further  descriptions  of  the  different  forms  of  construction  of  the  fertile  shoots  of  Equisetum 
giren  by  Luerssen,  Die  Fampflanzen  oder  Gefassbiindelkryptogamen  Dentschlands,  Osterreichs  und 
der  Schweiz,  in  Rabenhorst's  Kryptogamen-Flora,  Leipzig,  iii  (1889). 

*  We  must  not,  howerer,  forget  that  in  the  ametabolous  Equiseta  the  influence  of  the  conditions 
of  life  has  evidently  woiked  a  change  upon  the  whole  organization.  If  the  conditions  for  the  uptake 
of  water  from  the  soil  are  farourable  a  vegetative  development  does  not  require  to  take  place  in  them, 
because  they  are  no  longer  adapted  to  the  uptake  of  water  and  nourishment  like  the  sterile  shoots. 
In  the  upper  portion  of  the  fertile  shoot  a  vegetative  further  development  can  no  longer  take  place. 


Digitized  by 


Goo^^ 


SPOROPHYLLS  OF  LYCOPODIUM  503 

mental  investigation  must,  however,  prove  still  more  definitely  these  con- 
nexions. 

The  remarkable  fossil  formations  of  the  Equisetineae  must  be  left 
undescribed  here  as  in  other  groups.  The  result  of  phytopalaeontological 
investigation  in  recent  years  has  been  of  the  utmost  importance.  But  it  is 
evident  that  in  the  nature  of  the  case  the  morphological  interpretation  of  the 
flower- formation  of  the  extinct  forms  is  often  very  uncertain,  and  on  the 
other  hand  the  discovery  of  relationships  between  configuration  and  inner  and 
outer  conditions  at  the  time  when  the  plant 
lived  is  impossible  ^ 

III.  LYCOPODINEAE. 
Whilst  in  the  Equiseta  the  sporophylls 
and  foliage-leaves  arc  always  different,  apart 
of  course  from  teratolc^ical  phenomena,  we 
find  in  the  Lycopodineae  as  in  the  Filicineae 
cases  in  which  the  foliage-leaves  and  the 
sporophylls  are  alike,  for  example  in  Lyco- 
podium  Selago^,  and  cases  in  which  they 

«.#v*          .           •      T                 J-                     X*  I^I0'335>   Lycopodiain  anoottnnin.   Flower 

are  different,  as  in  LyCOpOdlUm  annotinum.  in  trmnsvene  section.    The  sporophylb  stand 

^,                       c    r                J  •                      ^-  »°  *  tetnuneroos  whorL    Two  sponuiffia  are 

The  case   of    LyCOpodlUm   annotinum    may  appaieoUy  attached  to  each  spSrophyU,  bat 

-       J          -L    J  Xhert.  is  in  fact  only  one.  which  having  a  great 

be  aeSCriDeCl  : carvatnre  is  twice  cnt  m  the  section;  JB^  the 

_                                                                                 _. ,  base  of  the  sporophyll  of  the  next  sacceedino: 

LYCOPODIUM       ANNOTINUM.            The  whorl. shapoSuke a imior-blade.  After Glttck. 

Magnified  aboat  14. 

sporophylls  of  this  species  are  no  longer 

assimilation-organs,  and  they  have  a  yellowish,  not  a  green,  colour.  The 
leaf-base  is  widened,  and  this  fits  the  leaf  better  to  embrace  the  large 
sporangium  seated  upon  its  base.  The  margin  of  the  leaf  is  spread  out  in  a 
wing-like  manner.  When  the  spores  are  ripe  the  membranous  margins  of 
the  sporophyll,  like  its  upper  portion,  bend  backwards  and  thus  facilitate  the 
distribution  of  the  spores  ^  A  leaf-cushion  *  (Fig.  335,  B)  which  has  the 
form  on  transverse  section  of  the  blade  of  a  razor  also  runs  downwards 
from  each  sporophyll  and  fills  up  the  spaces  between  the  sporangia.  The 
sporangia  are  carefully  protected  as  is  shown  in  Fig.  335,  and  it  is  easy  to 
understand  teleologically  the  deviation  from  the  foliage-leaves  in  the  con- 
figuration of  the  sporophyll  *. 

^  The  reader  is  referred  for  the  description  of  fossil  forms  to  the  palaeophytological  text-books, 
of  which  may  be  mentioned  the  following:  H.  Potoni^,  Lehrbnch  der  Pflanzenpalaontologie, 
Berlin,  1899;  Zeiller,  ^l^ments  de  pal^-botanique,  Paris,  1900;  Scott,  Studies  in  Fossil  Botany, 
London,  1900.    Scott's  book  gives  a  particolarly  dear  and  concise  account  to  the  beginner. 

'  See  also  in  the  species  of  Isoetes,  aboat  which  no  farther  mention  will  be  made  here. 

'  There  can  be  no  doubt  that  this  movement  of  the  sporophyll  is  a  consequence  of  its  drying. 
On  the  edges  of  the  forests  the  movement  always  begins  upon  the  side  of  the  flower  directed  outwards. 

*  In  many  Lycopodia,  for  example  Lycopodium  oemunm,  the  sporophyll  is  hypopeltate  as  it  is 
in  Selaginella  Preisaiana.     See  p.  506. 

*  With  regard  to  the  formation  of  mucilage  in  Lycopodium  inundatum  see  the  figores  given  by 
GlUck,  Die  Sporophyllmetamorphose,  in  Flora,  Ixxx  (1895). 
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The  sporangia  are  laid  down  in  the  Lycopodineae  as  in  the  Equiseta  when 
the  sporophylls  are  still  relatively  small  (see  Fig.  31a).  I  do  not,  however, 
see  in  this  a  point  of  phyletic  importance,  but  only  that  the  formation  of  the 
leaves  in  both  of  these  cycles  of  affinity  is  reduced  in  comparison  with 
that  of  the  Filicineae.  Very  small-leaved  ferns  would  show  quite  the  same 
phenomena  in  their  sporophylls  as  do  the  Equiseta  and  Lycopodineae. 

PsiLOTACEAE.  The  Psilotaceae,  Psilotum  and  Tmesipteris,  demand 
special  mention  because  the  sporophylls  in  them  deviate  further  from  the 
sterile  leaves  than  do  those  of  other  Lycopodineae.  The  sporophyll  is  bifid, 
but  the  whole  structure  was  formerly  considered — and  I  shared  the  view — 
as  a  small  branch  bearing  two  leaves  and  a  plurilocular  sporangium.  This 
interpretation  has,  however,  been  shown  to  be  impossible  by  the  investigations 


PlO.  336.     Tmesipteris  trnncata.    I.  simple  sporophyll  with  one  sporangium.    II,  portion  of  a  shoot  bearing 
a  sterile  and  a  fertile  leaf.    In  the  sterile  leaf  the  profile-position  of  the  lamina  is  evident    Both  magnified. 

of  Solms-Laubach  *  and  Bower  ^.  In  support  of  the  modern  and  accepted 
view  that  we  have  here  a  bifid  sporophyll  I  may  mention  that  I  have  often 
observed  on  simple  undivided  foliage-leaves  in  Tmesipteris  one  sporangium 
(Fig.  336,  I),  which  in  the  cases  I  investigated  was  simple,  although  the  spor- 
angium is  usually  divided  into  two  or  more,  rarely  three,  chambers,  and  there 
was  no  trace  visible  of  a  second  somewhat  reduced  lobe  of  a  sporophyll. 
Transverse  sections  show  that  a  simple  conducting  bundle  nms  into  the  lower 
simple  portion  of  the  sporophyll,  whence  a  branch  proceeds  towards  the 
sporangium,  and  one  finds  tracheids  proceeding  even  into  the  wall  of  the 
sporangium. 

In  Fig.  337  the  end  of  a  shoot  of  Psilotum  complanatum  (P.  flaccidum) 
is  shown.  The  shoot  is  flattened  and  provided  with  small  distichous  leaves. 
A  conducting  bundle  does  not  enter  the  leaves,  but  a  vascular  bundle  branches 


'  H.  Graf  za  Solms-Laubach,  Der  Anfbaa  des  Stockes  von  Psilotnm  triqaetnim  und  dessen 
Entwicklung  ans  der  Brutknospe,  in  Annales  da  Jardin  botanique  de  Baitenzorg,  iv  (1884),  p.  139. 

'  Bower,  Studies  in  the  Morphology  of  Spore-prodncing  Members :  Eqoisetineae  and  Lyco- 
podineae, in  Phil.  Trans.,  1894. 
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off  towards  the  sporangium  from  the  strand  of  the  shoot-axis,  and  we  have 
here  a  case  which  shows  us  that  the  distribution  of  the  vascular  bundles  can- 
not always  be  trusted  for  a  decision  as  to  the  mor- 
phological value  of  an  organ : — the  sporangium  is  leaf- 
borne,  but  is  nevertheless  supplied  with  a  vascular  strand 
from  the  shoot-axis ;  moreover  the  sporangia  frequently 
are  arrested,  and  then  one  finds  apparently  sterile  bifid 
leaves,  into  which  a  strand  of  vascular  bundles  runs  ^ 

That  the  forking  of  the  sporophylls  in  the  Psilo- 
taceae  is  a  *  morphological '  character  is  supported  by 
the  fact  that  the  plants  in  which  it  is  found  diverge  so 
much  in  habit  as  do  Tmesipteris  and  Psilotum.  But 
we  must  not  forget  that  the  forking  is  at  the  same  time 
*usefiil/  It  is  evident  that  in  Psilotum  the  young 
sporangium  is  invested  and  protected  right  and  left 
by  the  two  tips  of  the  leaf  (Fig.  337),  whilst  the 
undivided  base  of  the  leaf  gives  a  protection  to  the 
outside.  This  feature  is  less  marked  in  Tmesipteris  *. 
The  fork  in  the  sporophyll  in  which  the  old  sporangium 
sits  in  Psilotum  serves  besides  as  a  mechanical  support. 
Regarding  the  comparison  which  is  frequently  made  of 
the  sporangial  group  of  the  Psilotaceae  with  a  sporo- 
phyll of  the  Ophioglossaceae, 
something  will  be  said  when 
the  subject  of  sporangia  is 
dealt  with^ 

The  flowers  of  Selaginella 
are  of  special  importance  for 
comparison  with  the  flowers  of 
the  Spermophyta : — 

ISOPHYLLOUS  SeLAGI- 
NELLEAE.  We  shall  first  of 
all  deal  with  the  isophyllous 
Selaginelleae  and  take  as  an 
illustration 

SelaginellaPreissiana.  Se- 
laginella Preissiana,  which  I 
collected  in  West  Australia,  is    i^i^ 


337.    Pstlotom  com- 
Bnd  of  a  shoot. 


Fig, 
planat 

Sporang^ia  in  the  axil  of  bifid 
sporophylls.    Magnified. 


Sela^nella  Preissiana.    Lower  portion  of  a  flower. 


^  It  is  upon  these  cases  that  Solms  has  based  the  statement  that  the  leaves  have  a  well-devdoped 
conducting  bundle.    As  a  matter  of  fact  the  leaves  I  investigated  showed  no  trace  of  a  bnndle. 

'  One  nuy  imagine  that  its  leaves  have  arisen  from  those  of  Psilotum  by  the  strong  outgrowth  of 
a  basal  part  whilst  the  small  apex  keeps  pace  with  it,  this  apex  corresponding  to  the  leaf  of 
Psilotum.  »  See  p.  605. 
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very  instructive.  The  leaves  are  in  decussate  pairs.  Fig.  338  shows 
the  base  of  the  spike  of  sporangia.  The  lowermost  leaf,  which  bears 
a  microsporangium,  is  constructed  like  a  sterile  one.  Those  which  follow 
it  have  grown  out  downwards  beyond  their  point  of  insertion.  These  out- 
growths are  clearly  protections  not  to  the  sporangium  which  is  axillant  to 
their  sporophyll,  but  to  the  sporangium  which  lies  immediately  below  each 
sporophyll.  Analogous  arrangements  we  have  seen  appearing  in  the  v^e- 
tative  regfion,  as  was  stated  when  we  considered  the  sporophylls  of  Equisetum, 
and  exactly  the  same  arrangements  are  met  with  in  the  stamens  of  many 
Coniferae  and  Angiospermae.  At  the  same  time  the  formative  stimulus  given 
by  the  appearance  of  the  sporangia,  and  which  leads  to  an  external  configura- 
tion of  the  sporophyll  different  from  the  vegetative  leaf-form,  evidently 
affects  not  the  single  sporophyll — for  otherwise  the  lowermost  sporophyll 
must  also  have  the  conformation  of  the  others — but  the  vegetative  point 
itself  of  the  sporangial  spike,  and  this  then  acts  upon  the  primordia  of  the 
sporophylls  *. 

Anisophyllous  Selaginelleae.  We  must  distinguish  two  groups 
of  the  anisophyllous  Selaginelleae  in  respect  of  their  formation  of  flowers — 
the  Tetragonostachyae  and  the  Platys tacky ae. 

Tetragonostaohyae.  These  are  distinguished  by  the  anisophylly  of  the 
v^etative  shoot  stopping  short  of  the  flower.  The  sporophylls  are  all  of 
nearly  equal  size  in  contrast  with  the  condition  that  is  found  in  the  vegeta- 
tive leaves,  and  the  leaf-pairs  do  not  cross  obliquely  as  in  the  v^etative  shoot 
but  nearly  at  a  right  angle  ^.  When  we  remember  that  the  vegetative  shoots 
of  the  anisophyllous  Selaginelleae  owe  the  configuration  of  their  leaves  evi- 
dently to  an  adaptation  to  definite  external  factors  ^,  we  may  assume  that 
the  configuration  and  position  of  the  sporophylls  exhibit  a  retention  of  a 
phyletically  primitive  stage  *.  Why  this  should  be  is  at  any  rate  biologi- 
cally or  teleologically  easily  understandable,  for  in  the  flowers  where  all  the 
leaves  have  the  same  function,  which  is  essentially  that  of  protecting  the 
sporangium,  it  is  natural  that  their  configuration  should  be  also  the  same. 
Moreover  the  flowers  are  frequently  although  not  always  orthotropous  in 
contrast  with  the  plag^otropous  v^etative  shoots. 


^  In  other  words  the  transformation  of  the  vegetative  shoot  into  flower  proceeds  gradnallj,  and 
expresses  itself  only  plainly  if  the  formative  stimulus,  of  which  we  know  nothing,  has  reached 
a  definite  intensity.  That  the  lowermost  sporangia  in  the  flowers  of  many  Selaginelleae  and 
Lycopodia  do  not  reach  complete  development,  as  will  be  more  particularly  shown  hereafter  (see 
p.  510),  is  probably  connected  with  this. 

'  I  examined  the  case  of  Selagindla  erythropus. 

•  See  Part  I,  p.  105. 

*  We  must,  however,  point  out  that  several  isophyllous  Selaginelleae,  like  SelaginelU  Preiasiana, 
have  also  decussate  leaf-pairs  on  the  vegetative  shoots,  and  that  in  the  isophyllous  Selaginella 
rupestris  the  flowers  have  likewise  decussating  sporophylls,  although  the  foliage-leaves  hav^  a 
spiral  position. 
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FlatyBtaohyae.  There  are  also  dorsiventral  flowers  in  Selaginella  ^  and 
these  have  a  special  interest  in  view  of  the  presence  of  dorsiventral  flowers 
amongst  the  higher  plants.     We  find  indeed  two  kinds  of  these : — 

{a)  The  one  continues  the  anisophylly  of  the  vegetative  shoots,  that  is 
to  say  the  sporophylls  upon  the  upper-surface  of  the  flower  are  smaller  than 
those  upon  the  under-surface  or  flanks.  This  is,  however,  a  rare  condition, 
and  it  is  only  known  in  two  species  of  very  limited  distribution,  namely, 
Selaginella  pallidissima  and  S.  ciliaris,  Spr. 


PlO.  «39.  Selaginella  cbrysocaiUoe.  I.  flower  seen  from  above.  II,  flower  Men  from  below :  S^  S^  vegetative 
lateral  leaves  corresponding  to  the  small  sporopbvlls ;  O^  apj^  leaf  corresponding  to  the  larger  sporophylls; 
4pt  sporanginm.    Ill,  larger  sporophylL    I  and  II  sugfatly  magnified.    Ill  highly  magnified. 

{b)  The  Other  which  I  have  termed  the  inverse-darsiventral  flower  is 
the  more  frequent  ^.  In  it  the  dorsiventrality  is  the  reverse  of  that  in  the 
vegetative  shoots.  The  sporophylls  on  the  two  surfaces  of  the  flower  are  of 
unequal  size,  but  the  larger  stand  upon  the  upper-surface,  and  they  form  the 
continuation  of  the  smaller  leaves  of  the  vegetative  shoot.  Selaginella 
chrysocaulos  (Fig.  339)  furnishes  an  example  of  this.  The  larger  sporophylls 
which  stand  upon  the  upper-surface  of  the  axis  form  a  protecting  cover  to 
the  whole  flower,  and  this — as  well  as  the  increased  capacity  of  assimilation 
established  by  these  leaves — is,  to  speak  teleologically,  the  reason  why  the 

^  See  Goebel,  Archegoniatenstudien :  IX.  Spoiangien,  Sporenrerbreitimg  nnd  Bluthenbildnng 
bei  Selaginella,  in  Flora,  Ixzxyiii  (1901),  p.  207.    The  older  literature  will  be  fonnd  here. 

*  The  earlier  expression  for  these  flowers,  resupinaie^  involves  an  erroneons  statement,  for  here 
there  is  no  torsion  of  the  ilower-azis. 
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sporophylls  of  the  upper-surface  are  different  from  the  foliage-leaves  of  the 
upper-surface.  The  sporophyll  has  also  a  wing-like  appendage  recalling  the 
leaf  of  Fissidens  (Fig.  339,  III ;  Fig.  340,  F)\  indeed  the  development  of  the  leaf 
shows  that  it  follows  the  same  course  as  that  of  Fissidens,  and  the  wing  is  an 
outgrowth  of  its  back,  and  is  the  structure  which  specially  forms  with  the 
under-surface  a  protecting  cover  for  the  sporangia  ^.  The  inverse-dorsiventral 
flowers  appear  so  much  more  utilitarian  than  do  those  which  are  not  inverted 
that  we  need  not  be  surprised  at  the  rarity  of  the  latter,  and  they  furnish  at  the 
same  time  a  remarkable  proof  of  the  fact  that  in  the  formation  of  flower 
a  complete  change  of  the  whole  shoot  takes  place.  If  an  inverse-dorsiventral 
flower  should  grow  out  v^etatively*  the  outgrowth  assumes  the  dorsiventrality 

of  the  original  vegetSL' 
tive  shoot,  so  that  the 
*  inversion '  of  the  dor- 
siventrality was  only 
caused  by  the  forma- 

Ti        II    1/     \ii/>-Np^(/  </    (K  ^^^^  ^^  flower.     No 

Jj         11  U  ]\       vliXA         \\  such  inversion  has  yet 

been  experimentally 
produced  inthesterile 

FiQ.  ^4a    SelajrinelUi  saberosa.    Flower  in  trantvene  sectton  near  the         shoOtS  of  Selagiuella, 
ve^^Uitive  point :  Ai  wing.  ,  ,  ^ 

yet  It  might  be  pos- 
sible if  we  were  in  the  position  to  *  disattune  *  the  shoot  in  the  same  way 
as  this  is  effected  by  inner  processes  in  the  formation  of  the  inverse-dorsi- 
ventral flower. 

Distribution  of  Sporangia  in  Selaginelleae.  In  r^ard  to  the 
distribution  of  the  two  forms  of  sporangia  in  the  flowers  of  Selaginella  it  is 
clear  that  everywhere  originally  there  is  hermaphroditism.  The  number 
of  the  megasporangia  varies  in  the  different  species.  In  some  only  one  or 
a  few  are  found  at  the  base  of  the  flowers ;  in  others  they  are  mixed  with  the 
microsporangia,  as  in  Selaginella  rupestris  and  S.  chrysocaulos.  Only  in 
a  few  species,  so  far  as  we  know  at  present,  are  there  occasionally— not 
exclusively — entirely  male  flowers,  in  for  example  Selaginella  Martensii, 
or  female  flowers,  as  for  example  in  Selaginella  pectinata. 

Fertilization  of  the  megaspores  by  the  microspores  of  the  same  flower, 
even  in  the  hermaphrodite  flowers  of  the  Selaginelleae,  only  seldom  occurs 
because : — 

I.  The  m^asporangia  precede  in  their  development  the  microsporangia. 


*  With  regard  to  the  anatomical  differences  of  the  npper  and  under-surface  of  the  flower  see  Goebel, 
Archegoniatenstudien :  DC  Sporangien,  Sporenverbreitung  und  BlUthenbildung  bei  Selaginella,  in 
Flora,  Ixxxviii  (1901). 

'  I  have  observed  this  in  Selagmella  Belangeri  growing  wild  in  Java,  and  in  Selaginella  suberosa 
in  which  it  was  artificially  produced. 


Digitized  by 


Google 


SPOROPHYLLS  OF  LYCOPODINEAE  509 

and  the  megaspores  are  mostly  thrown  out  before  the  mlcrosporangia  have 
opened. 

2.  The  megaspores  are  thrown  out  further  than  the  microspores  as  I 
have  noticed. 

3.  A  simultaneous  sawing  of  microspores  and  megaspores,  in  the  few 
cases  that  have  been  investigated  for  this  point,  has  resulted  in  the  formation 
of  no  embryo,  because  the  microspores  discharged  their  spermatozoids  before 
the  archegonia  of  the  megaprothalli  were  ripe. 

In  all  these  points  the  flowers  of  Selaginella  remind  us  of  those  of  much 
higher  plants  which  have  to  be  considered  as  only  morphologically,  not 
physiologically,  hermaphrodite. 

If  we  endeavour  to  arrange  the  flowers  of  Selaginella  in  series  the 
radial  ones  appear  to  be  the  most  primitive,  and  they  also  still  appear  in 
many  species  where  the  vegetative  shoots  have  become  by  adaptation  dorsi- 
ventral.  In  a  number  of  species  the  dorsiventral  construction  has  also 
extended  to  the  flowers,  but  the  attempt  to  continue  here  the  usual  vegetative 
dorsiventrality  is  of  little  utility  and  has  soon  been  given  up,  being  retained 
only  in  two  species.  In  the  large  majority  inverse-dorsiventral  flowers  have 
been  developed. 

Relationships  of  Flower  to  Vegetative  Shoot  in  Lycopo- 
DINEAE.  If,  finally,  we  consider  the  flowers  of  the  Lycopodineae  in  their 
relationship  to  the  v^etative  shoot-system  we  find  frequently  that  when 
the  flowers  are  shoots  of  limited  growth  the  sporophylls  diverge  markedly 
from  the  foliage-leaves,  but  when  there  is  no  limited  spike  of  sporangia  then 
the  sporophylls  are  like  the  foliage-leaves,  for  example  in  Lycopodium 
Selago  and  its  allies.  We  cannot,  however,  establish  this  as  a  general  rule. 
We  have  only  now  to  mention  some  general  biological  relationships: — 

I.  Where  the  vegetative  shoots  are  dorsiventral  the  flowers,  apart  from 
the  Selaginellcae  Platystachyae,  are  radial,  as  in  Lycopodium  complanatum 
and  other  similar  species.  It  is  probable  that  here  the  flowers  have  retained 
the  original  arrangement  and  configuration  of  the  leaves  whilst  the  con- 
figuration of  the  v^etativc  shoot  has  become  changed  by  subsequent 
adaptations  \ 

a.  Orthotropous  position  is  not  necessarily  associated  with  the  radial 
construction  of  the  flowers.  Orthotropy  appears  rather  only  where  the 
v^;etative  shoot  grows  more  prostrate  upon  the  soil,  and  it  is  therefore 
of  advantage  for  the  scattering  of  the  spores  that  the  flowers  should  be 
raised  up  above  the  substratum.  In  these  cases,  for  example  in  Lycopodium 
inundatum,  L.  clavatum,  L.  carolinianum,  Selaginella  denticulata,  S.  helvetica, 
and  others,  a  portion  of  the  shoot-axis  under  the  flower  is  elongated  more  or 
less,  and  at  the  same  time  is  orthotropous  and  not  infrequently  beset  with 


»  See  Part  I,  p.  loa. 
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reduced  leaves.  This  portion  is  named  the  podium  and,  in  correspondence 
with  what  has  been  said,  is  everywhere  wanting  where 

(a)  The  sporangia  stand  on  a  sufficiently  long  radial  shoot-axis,  as  in 
Lycopodium  Selago  and  L.  annotinum,  where  it  is  orthotropous  and  erect, 
and  as  in  Lycopodium  Phlegmaria  and  L.  linifolium,  where  it  is  orthotropous 
and  pendent ; 

{b)  The  plagiotropous  shoot-axes  raise  themselves  well  above  the 
substratum  ^. 

Here  as  everywhere  in  r^[ard  to  such  rules  we  find -examples  which  do 
not  conform  to  what  has  been  said  because  in  them  other  relationships 
bring  about  a  divergent  construction,  but  on  the  whole,  so  far  as  I  know, 
the  relationships  I  have  mentioned  are  valid. 

It  has  then  been  shown  that  the  sporophylls  of  Selaginella  still  exhibit 
frequently  in  their  construction  and  arrangement  relationships  which  appear 
to  be  primitive  in  comparison  with  the  foliage-leaves  which  have  been 
changed  by  adaptation.  This  does  not  controvert  the  assumption  that  the 
leaves  of  the  Pteridophyta  were  originally  all  sporophylb  which  at  the  same 
time  assimilated  ^,  and  that  then  a  division  of  labour  set  in  by  which  some 
became  sterile  whilst  others  remained  as  sporophylls  and  now  frequently  in 
their  construction  differ  more  or  less  from  the  foliage-leaves.  In  support  of 
this  one  may  also  adduce  the  fact  that  where  foliage-leaves  and  sporophylls 
are  formed  alternately,  as  for  example  in  Lycopodium  Selago  and  other 
species,  and  in  Isoetes,  we  frequently  find  sporophylls  with  aborted  sporan- 
gfia  at  the  limits  between  the  two  kinds  of  leaf'.  We  know,  however,  that 
such  an  arrest  of  the  sporangia  may  result  from  other  causes  if  the  formation 
of  sporangia  begins  but  does  not  proceed  sufficiently  vigorously,  for  example 
in  Onoclea  Struthiopteris  whose  sporophylls  have  been  already  mentioned  *. 
Its  germ-plant  produces  at  first  only  foliage-leaves,  then  transitions  between 
foliage-leaves  and  sporophylls  the  sporangia  of  which  are  generally  in  great 
part  arrested  at  different  stages  of  development.  Later,  when  the  plant 
becomes  stronger,  such  an  oscillation  is  normally  no  longer  visible,  yet  it 
may  be  artificially  called  forth  if  the  sporophylls  are  caused  to  become 
virescent  Vegetative  organs  and  reproductive  organs  stand  also  otherwise 
in  a  certain  opposition,  that  is  to  say  their  formation  is  dependent  upon 
different  outer  and  inner  conditions.  At  any  rate  we  will  have  to  trace  back 
the  arrest  of  the  sporangia  at  the  upper  end  of  the  flowers  of  many  Lyco- 


^  Compare,  for  example,  Selaginella  Maitensii,  with  apodial  radial  bnt  not  orthotropons  flowers, 
with  Selaginella  denticolata  (Fig.  174,  A)^  S.  helyetica,  and  others,  in  which  the  flowers  have  a 
podium  and  are  orthotropous. 

*  With  Potoni^  we  may  designate  them  tropho-sporophylls. 

'  See  also  Bower,  Studies  in  the  Morphology  of  Spore-produdng  Members :  Equisetineae  and 
Lycopodineae,  in  Phil  Trans.,  1894.  Also  at  the  end  of  the  flower  in  Selaginella  and  elsewhere 
aborted  sporangia  occur. 

*  See  p.  475. 
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podineae^  to  other  causes  than  those  that  are  operative  at  the  base.  At 
the  apex  we  have  to  deal  chiefly  with  a  general  want  of  tone  in  the  whole 
flower-development,  not  only  are  the  sporangia  arrested  but  also  the 
development  of  the  sporophyll ;  at  the  base  we  have  to  deal  with  a  trans- 
formation of  the  vegetative  shoot  into  a  flower. 

Ill 

THE  SPOROPHYLLS  OF  THE  GYMNOSPERMAE 

I.     CrCADACEAE. 

In  this  family  not  only  are  the  relationships  of  configuration  of  the  flower 
especially  simple,  but  the  configuration  of  the  sporophyll  enables  us  to 
recognize  very  clearly  in  what  relationship  it  stands  to  the  foliage-leaf  and 
also  how  form  and  function  hang  together. 

As  regards  the  whole  configuration  of  the  flowers  they  have  the  form 
of  cones,  frequently  of  giant  dimension,  except  in  the  case  of  the  female 
flowers  of  Cycas  where  a  sharply  limited  flower  is  not  formed  *,  but  the 
carpels  appear  upon  the  shoot-axis  which  subsequently  again  forms  foliage- 
leaves  and  kataphylls — ^the  arrangement  being  comparable  with  that  of 
Onoclea  Struthiopteris  amongst  the  ferns  ^.  As  will  be  shown  presently, 
the  configuration  of  the  sporophyll  has  the  closest  connexion  with  this 
arrangement. 

In  the  flowers  which  form  cones  it  is  noteworthy  that  the  uppermost 
and  lowermost  sporophylls  are  frequently  sterile.  They  are,  however,  not 
functionless,  but  close  in  the  flower  in  the  bud-condition  both  above  and 
below  after  the  method  in  the  spike  of  Equisetum.  It  is  a  wide-spread 
phenomenon  that  the  middle  portion  of  an  organ  of  limited  growth  is  the 
best  nourished;  even  in  the  leaves  of  many  Cycadaceae  the  lowermost  pin- 
nules are  aborted,  the  middle  ones  being  the  most  developed,  and  there 
are  all  transitions  from  sterile  to  fertile  sporophylls  in  the  male  flowers  of 
Ceratozamia. 

The  configuration  of  the  sporophylls  will  first  of  all  be  noticed,  and 
then  some  general  questions  will  be  dealt  with : — 

Megasporophylls  (Carpels).  We  have  before  us  in  these  an 
almost  uninterrupted  series.  At  its  beginning  there  stand  those  which  still 
resemble  most  closely  in  their  form  the  pinnate  foliage-leaves ;  at  the  other 
end  stand  those  which  are  most  widely  separated  from  them.  The  mega- 
sporangia  (ovules)  are  everywhere  marginal. 

Cyoas.  The  carpels  of  Cycas  revoluta  are  smaller  than  the  foliage-leaves 
but  they  show  still  at  their  extremity  somewhat  long  rudiments  of  pinnules, 
and  resemble  the  pinnate  leaves  otherwise,  especially  in  their  flat  and 
elongated  form  (Fig.  341).     Only  in  Cycas  circinalis  are  the  pinnules  indi- 

^  And  also  in  the  case  of  Eqnisetnm.  *  See  p.  470.  *  See  p.  475. 
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cated  merely  as  teeth.  Whether  each  of  the  ovules,  which  are  here  larger 
than  those  which  appear  elsewhere  in  pairs,  stands  in  the  place  of  a  pinnule 
can  only  be  determined  by  an  examination  of  the  history  of  development 
which  is  still  imknown.  The  wall  which  surrounds  on  the  outside  the 
ovule  at  its  base  I  consider  for  the  reasons  specified  below  to  be  no 
'rudimentary  pinnule,'  but  an  outgrowth  arising  subsequently.  In  Cycas 
Normanbyana  the  number  of  the  megasporangia  has  become  reduced  to  two. 
;  Interesting  as  is  the  leaf-like  construction  of  the  sporophyll  of  Cycas, 

^  and  diverging  as  the  sporophyll  does  from  those  of  the  other  Cycadaceae,  yet 

it  offers  little  in  its  external  form  alone  to  detain  us. 
Much  more  important  is  it  to  inquire  whether  we 
can  discover  any  relationships  by  which  to  explain 
its  deviation.  It  appears  to  me  that  there  are 
such,  and  they  are  the  following: — 

I.  The  sporophylls  do  not  stand  as  in  the 
cone-flowers  on  an  axis  which,  compared  with  the 
vegetative  one,  is  relatively  thin,  but  upon  the  thick 
vegetative  axis  itself.  They  form  a  much  more 
massive  tuft,  and  by  their  considerable  development 
in  length  are  in  a  position  to  protect  the  yoimg 
ovules  by  covering  them.  It  is  quite  clear  then 
why  in  the  upper  part  of  the  sporophyll  there  are 
no  ovules — these  upper  parts  form  a  protecting 

PlO.    341.      CycM    revolota.  rr         r  r  -o 

M^apon^]^^^.  After     covcHng,  and  close  in  the  massive  flower-bud  above. 

a.  The  seeds  attain  the  most  significant  size 
in  the  genus  Cycas.  To  protect  them  in  the  same  manner  as  the  seeds 
are  protected  in  other  Cycadaceae,  where  a  change  in  form  of  the  scale- like 
sporophylls  takes  place,  would  be  scarcely  possible  with  the  megasporophylls 
arranged  as  they  are.  In  the  other  Cycadaceae  the  megasporophylls 
experience  in  the  course  of  their  development  a  special  change  in  form 
corresponding  to  the  enlargement  of  the  ovule. 

Dioon.  The  flower  of  Dioon  comes  nearest  in  outer  configuration 
to  that  of  Cycas.  The  carpels  are  still  flat,  and  show  the  rudiment  of 
a  lamina  (Fig.  342,  Z),  and  at  their  base  also  a  rudimentary  pinnule,  some- 
times two. 

Ceratozamia.  In  the  other  genera  of  Cycadaceae  the  lamina  of  the 
megasporophyll  is  very  much  reduced,  yet  in  Ceratozamia  there  are  still 
rudiments  of  two  pinnules  *  in  the  two  *  horns '  of  the  sporophyll.  These 
are  originally  soft  and  lie  upon  the  outer  surface  of  the  sporophyll  in  the 
young  flower.  Later  they  diverge  and  begin  to  harden  into  spiky  structures, 
which  may  perhaps  be  considered  as  a  mechanical  protection  of  the  flower. 


^  Sometimes  more  than  two. 


Digitized  by 


QjOo^^ 


FEMALE  FLOWER  OF  CYCADACEAE 


513 


The  sporophylls  themselves  are  originally  flat  (Fig.  343, 1),  and  have  scarcely 
any  indication  of  a  stalk.  Subsequently  when  the  m^^porangia  become 
lai^er  changes  ensue  which  bring  it  about  that  the  sporophylls  form 
a  protecting  roof.  The  first  thing  that  takes  place  is  a  stalk  appears 
(Fig«  343»  II),  and  then  there  develops  upon  the  upper  side  and  upon  the 
under  side  a  thickening  (-£,  Fig.  343,  II)  which  gives  the  sporophyll 
a  somewhat  peltate  conformation.     Thus  a  process  which  occurs  in  Equi- 

setum  and  elsewhere  before  the  formation  of  the 
sporangium  b^jins  here  at  a  much  later  moment 
in  the  development.  Fig.  343,  III,  shows  us  how 
the  peltate  expansion  of  the  sporophyll  forms  a 
mail-covering   to  the    outside,  and    the  *  horns' 


Pig.  343.  Dioonednle.  M^aaporo* 
phyll :  Ly  lamina ;  RFy  RF.  reooced 
pinnoles;  ^,  ^,  swelling  of  tlie  sporo- 
phyll below  the  mesrattporanginm 
whoM  micropyle  is  tarned  downwards 
in  the  fij^ore.    Reduced. 


FlO. 


3A3.    Ceratozamia  robnsta.    I,  yoanji^  meg^porophyll,  still  flat; 

riffat  and  left  of  its  still  very  short  stalk  is  a  meffasporanginm  (ovale). 
11;  older  nDegasporophyll  which  is  become  shield-luce  through  the  oat- 
growthi  By  which  appears  both  above  and  below;  Ay  swelling  ander  the 
ovule.    Ill,  three  sporophylls  seen  from  outside  the  cone. 


which  have  not  hitherto  been  considered,  so  far  as  I  know,  as  rudimentary 
pinnules  appear  displaced  upon  the  outer  surface  of  the  shield. 

What  the  relationship  of  the  configuration  of  the  sporophyll  is  to 
pollination  is  not  known.  The  question  when  the  normal  pollination  takes 
place  can  only  be  certainly  solved  in  the  home  of  the  plants,  and  up  till  now 
nothing  definite  is  known  about  the  pollination.  The  observations  of  Kraus 
seem  to  indicate  that  not  all  the  Cycadaceae  are  wind-pollinated  as  is 
commonly  supposed^. 

The  other  genera  have  m^asporophylls  which  are  distinguished 
essentially  from  those  of  Ceratozamia  by  the  last  traces  of  rudimentary 
pinnules  having  fallen  away.    Lang  ^  found  the  megasporangia  of  Stangeria 


*  G.   Kraai,  Physiologischet  am  den  Tropen,  in  Annales   dn  Jardin  botaniqne  de  Boitenzorg, 
xiii  (1896),  p.  273. 

'  W.  H.  Lang,  Studies  in  the  Development  and  Morphology  of  Cycadean  Sporangia:  II.   The 
OTole  of  Stangeria  paradoza,  in  Annals  of  Botany,  xiv  (1900),  p.  aSi. 

Ll 
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paradoxa  upon  the  under  side  of  the  sporophyll,  which  is  of  interest  in 
so  far  as  here  a  displacement  has  evidently  taken  place  in  the  course  of 
the  development  ^,  a  displacement  which  is  no  longer  directly  perceptible 
in  the  microsporangia. 

MiCROSPOROPHYLLS  (Stamens).  These  have  a  more  uniform  con- 
figuration in  the  Cycadaceae  than  have  the  megasporophylls.  They  are 
everywhere  broad  scales,  in  Zamia  approaching  the 
peltate  form,  and  in  Ceratozamia  still  showing  rudi- 
mentary pinnules  like  the  megasporophylls.  The 
microsporangia  stand  upon  the  under  side  arranged 
in  many  evident  sori  (Fig.  344). 

The  difference  in  the  configuration  of  the 
microsporophylls  and  megasporophylls  shows  itself 
also  in  the  number  and  position  of  the  sporangia. 
It  is  clear  that  upon  the  under  side  of  the  micro- 
sporophyll  many  more  sporangia  will  find  room 
than  upon  the  edges.  One  might  then  upon  the 
ground  of  the  assumption  that  the  m^asporophylls 
and  microsporophylls  must  have  been  originally 
constructed  alike  take  as  a  starting-point  sporo- 
phylls  constructed  with  marginal  sporangia.  In 
the  case  of  megasporangia  there  has  been  reduction 
usually  to  two.  In  the  case  of  the  microsporangia 
there  has  been  an  increase  in  the  number,  and  a 
displacement  upon  the  under  side.  Whether — and 
r^farding  this  I  have  no  first-hand  knowledge — the 
formation  of  the  stamens  of  Zamia  Skinneri,  whose  pollen-sacs  are  almost 
entirely  pushed  to  the  margins  ^  may  be  considered  as  giving  support  to 
this  conjecture  is  a  matter  for  further  examination.  It  may  be  pointed  out, 
however,  that  these  differences  repeat  themselves  in  other  cycles  of  afl5nity. 


Cycat    drcinalia. 


FlO.   344. 
Stamen  seen  from  below. 
Richard.    Lehrb. 


After 


II.    GINKGOACEAE  AND  CONIFERAE. 

Male  Flower.  Relationships  are  here  very  simple  and  clear.  It 
has  been  already  pointed  out  ^  that  the  male  flowers  resemble  very  closely 
the  spikes  of  sporangia  of  many  Pteridophyta.  Like  them  they  consist  of 
sporophylls  and  flower-axis.     The  scales  which  invest  the  male  flowers  in 


*  Similar  to  that  which  taket  place  in  Schizaea  and  other  ferns. 

^  A.  Braun,  Die  Frage  nach  der  Gynmospermie  der  Cycadeen  erlautert  dnrch  die  Stellong  dieser 
Familie  im  Stufengang  des  Gewachsreichs,  in  Monatsberichte  der  Berliner  Akademie  ans  dem  Jahre 
iS75»  P-  557*  On  p.  351  he  says  that  on  the  stamens  freqnenUy  only  two  microsporangia  are  present, 
and  they  are  placed  so  near  the  margin  of  the  stamen  that  they  may  be  said  almost  to  have  the  same 
position,  exactly  as  the  megasporangia  on  the  megasporophylls. 
'  See  pp.  470,  473. 
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the  bud-condition  must  be  considered  as  bud-scales  analogous  with  those  of 
the  vegetative  buds,  they  are  not  sterile  sporophylls. 

The  conformation  of  the  stamens  stands  in  the  closest  connexion  with 
the  protection  of  the  microsporangia  in  the  bud,  and  as  in  the  case  of  the 
carpels  of  the  Cycadaceae  we  meet  with  two  chief  relationships  of  configura- 
tion of  the  sporophylls,  although  they  are  united  by  many  transitions : — 

{a)  Stamens  which  have  more  or  less  developed  flat  scale-like  lamina. 

{b)  Stamens  with  a  peltate  lamina. 

Where  the  stamens  are  scale-like  the  upper  part  of  each  is  in  the  bud 
laid  over  the  sporiferous  lower  part  of  the  higher-placed  sporophylls.  The 
scale-like  stamens  of  many  Cupressineae  and  other 
groups  show  upon  their  under  side  an  outgrowth 
which  I  regarded  formerly  as  the  analogue  of  an 
indusium,  because  it  serves  for  the  protection  of 
the  microsporangia.  Through  this  outgrowth  these 
stamens  have  become  hypopeltate.  Should  this 
outgrowth  arise  in  a  still  earlier  stage  the  leaf 
would  from  the  first  be  peltate,  as  it  is  in  Taxus 
whose  microsporophylls  closely  resemble  the  sporo- 
phylls of  Equisetum  in  general  form  and  likewise 
in  having  the  sporangia  distributed  radially  upon 
them.  The  significance  of  the  configuration  of  the 
microsporophylls  for  the  protection  of  the  sporan- 
gium is  conspicuous  also  where  the  sporophyll  in 
the  mature  state  appears  very  reduced,  as  in  Ginkgo 
(Fig-  347»  ^>  V)  and  Phyllocladus.  Fig.  345  shows 
that  the  lamina,  Z,  of  the  sporophyll  of  Ginkgo 
forms  also  in  the  bud-condition  a  closing  structure 
towards  the  outside.  It  possesses  many  secretion-reservoirs,  H^  and  there 
is  abundance  of  calcium  oxalate  in  the  tissue  of  its  upper  part.  Evidently 
it  serves  as  a  seat  of  deposit  of  the  by-products  of  metabolism  which 
arise  in  the  formation  of  the  sporangia.  That  the  microsporangfia  of 
Ginkgo  require  at  a  later  period,  as  they  unfold,  less  protection  may  be 
connected  with  the  fact  that  their  wall  is  constructed  out  of  relatively 
many  cell-layers.  We  shall  see  that  in  the  female  flower  of  Ginkgo  the 
sporophylls  are  likewise  very  reduced. 

Position  of  the  Microsporangia.  The  position  of  the  microspo- 
rangia upon  the  microsporophylls  is  not  everywhere  the  same.  In  Ginkgo, 
Phyllocladus,  the  Abietineae,  two  sporangia  are  normally  present  and  we 
may  call  them  *  marginal/  The  number  is  sometimes  greater  in  Ginkgo,  and 
the  additional  ones  stand  then  upon  the  under  side  which  is  the  normal 
position  in  the  Araucarieae,  Cupressineae,  and  other  groups.  The  radial 
distribution  in  Taxus  has  been  referred  to  above. 

lU 


Pig.  345.  Ginkgo  biloba.  For- 
tion  of  a  male  flower  in  loogita- 
dinal  section.  Three  stamens  are 
involved.  The  q>oro2enoa8  cell* 
tissue  is  shaded :  L^  lamina ;  H^ 
resin-cavity.  The  ozalate^lands 
are  indicated  by  dots. 
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Variation  of  Microsporophylls  in  one  Flower.  The  construc- 
tion of  the  microsporophylls  of  many  Coniferae  varies  somewhat  in  one  and 
the  same  flower.    In  illustration  we  may  consider  the  case  of 

Janipems  oommunis.  Its  stamens  are  of  the  very  greatest  interest  on 
account  of  their  variations,  although  hitherto  this  matter  appears  to  have 
been  overlooked  ^.  The  'typical '  form  of  the  stamen  is  well  known :  it  has 
a  scale-like  lamina,  and  bears  upon  its  under  side  three  or  four  pollen-sacs  ; 
the  lamina  has  the  function  as  it  is  described  above.  In  the  upper  portion  of 
the  flower  we  see  two  phenomena : — 

{a)    The  lamina  of  the  sporophyll  is  reduced. 

{b)    The  number  of  pollen-sacs  is  reduced. 

The  reduction  of  the  lamina  can  be  easily  understood  biologically. 
In  the  upper  part  of  the  flower-bud  the  area  which  has  to  be  protected  is 


st,   L    ^t, 


Pia  34&  Janipenu  oommnnia.  I.  munmit  of  a  male  flower  seen  from  above;  x/i,  the  uppermost  stamtnal 
whorl  of  three  stamens ;  sh .  the  second  staminal  whorl,  shows  on  each  stamen  two  pollen-sacs  and  the  indication 
of  a  lamina,  /;  jA.  the  third  staminal  whorl,  of  which  only  the  tips  of  the  laminae  of  two  stamens  are  seen;  each 
of  the  stamens  of  this  whorl  had  three  pollen-sacs  not  shown  in  the  fig^ure.  II,  the  same  in  longitudinal  section. 
Ill,  the  same  in  transverse  section. 

much  smaller  than  is  that  of  the  wider  part  below,  and  the  protection  is  shared 
with  the  lamina  by  the  staminal  primordia  standing  lower  down.  The  cause  of 
the  phenomenon  is  that  the  processes  which  finally  lead  to  the  stoppage  of  the 
growth  of  the  whole  flower  do  not  set  in  all  at  once  but  gradually — we  have 
a  developmental  arrest.  Fig.  346, 1,  gives  a  view  from  above  of  a  flower 
very  near  the  time  of  its  unfolding  and  provided  with  perfect  pollen-sacs. 
The  sporophylls  stand  in  a  trimerous  whorl,  the  stamens  of  the  second  whorl 
from  the  top,  j/g,  have  each  only  two  pollen-sacs  which  are  evidently  lateral 
upon  the  stamen,  as  we  find  them  in  Abies,  Pinus,  and  others.   The  lamina,  /,  is 

^  Celakovsky,  Nachtrag  zn  meiner  Schrift  iiber  die  Gymnospermen,  in  Engler's  Jahrbticher,  xxiv 
(1898),  for  example,  expressly  states  that  all  the  stamens  of  the  Coniferae  still  possess  above  the 
pollen-chambers  a  y^etative  end-portion  which  disappears  in  the  stamens  of  the  Gnetaceae.  The 
same  author,  Die  Gymnospermen,  eine  morphologisch-phylogenetische  Stndie,  in  Abhandlongen  der 
koniglich-bohmischen  Gesellschaft  der  Wissenschaften,  Folge  7,  iv  (1890),  further  declares  that 
the  anthers  of  the  Coniferae  '  do  not  have  their  pollen-sacs  terminal  but  sub-lateral,  and  there  is 
always  a  vegetative  terminal  portion  developed  above  the  pollen-sacs,  the  crista  or  skidds  which 
indeed  may  be  much  reduced,  as  it  is  in  Ginkgo,  and  still  more  in  Torreya,  without,  however, 
the  pollen-sacs  thereby  being  made  terminal.'  I  believe  that  I  show  in  the  text  that  the  pollen-sacs 
are  often  terminal  in  Juniperos. 
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greatly  reduced.  As  the  stamens  become  broader  a  third  and  then  a  fourth 
sporangium  appear.  Thus  the  hypothetical  procedure  premised  above  for  the 
stamens  of  the  Cycadaceae  here  actually  takes  place  within  one  and  the  same 
flower.  Further,  it  is  clear  that  between  the  configuration  of  the  stamens  of 
the  Cupressineae  and  those  of  the  Abietineae  there  is  much  less  difference 
than  one  would  be  disposed  to  admit  at  first.  The  two  sporangia  of  such  a 
stamen  are  sometimes  found  united  with  one  another,  a  condition  evidently 
connected  with  the  reduction  of  the  lamina.  Higher  up  upon  the  flower-axis 
are  found  instead  of  the  sporophylls  single  sporangia  at  the  end  of  the  flower 
(st^y  Fig.  346,  I,  II).  There  can  be  no  doubt  that  this  is  a  consequence  of 
a  reduction  of  the  sporophyll,  as  indeed  the  transition- forms  show.  But  this 
reduction  is  often  so  fundamental  that  nothing  but  the  sporangium  remains. 
The  history  of  development  would  doubtless  show  that  the  sporophyll  has  not 
entirely  disappeared.  To  it  evidently  belongs  the  lower  stalk-like  part  of 
the  sporangium  which,  did  we  not  know  of  the  transition-forms,  might  well 
be  regarded  as  the  stalk  of  the  sporangium.  Such  a  stalk  is  not  found  upon 
microsporangia  arising  upon  the  under  side  of  the  stamens.  The  proof  which 
we  have  here,  without  any  application  of  hypotheses,  that  a  sporophyll  may 
be  reduced  to  one  sporangium  appears  to  me  of  momentous  interest,  and  it 
supplies  us  with  a  sound  ground  for  the  assumption  of  far-reaching  reduction 
in  the  case  of  the  megasporophyll  which  will  be  presently  mentioned,  for  in 
the  case  before  us  it  is  based  upon  observation,  and  not  merely  upon  com- 
parison. Those  who  would  have  it  that  the  sporophylls  have  arisen  from  a 
partial  sterilization  of  sporangia  will  be  able  to  use  Juniperus  as  an  example 
of  the  occurrence  of  the  process  they  assume — if  they  do  not  read  the  writ- 
ing from  below  upwards  but  inversely.  When  speaking  of  the  formation  of 
sporangia  I  shall  deal  briefly  with  this  question  ^  Here  I  may  only  point 
out  that  in  all  such  comparisons  one  is  treading  upon  uncertain  ground. 
This  is  shown,  for  example,  by  the  fact  that  in  Juniperus  two  of  the  last 
sporangia  occasionally  unite  with  one  another.  Fig.  346,  III,  shows  a  trans- 
verse section  through  the  apex  of  a  male  flower  which  has  only  two  sporangia 
of  unequal  size  at  its  end.  At  the  base  of  the  lai^er  of  the  sporangia  I  found, 
however,  as  the  following  section  in  the  series  showed,  a  rudimentary,  very 
short  partition-wall  indicating  that  the  structure  was  the  result  of  the  con- 
crescence of  two  sporangia.  One  might  then  in  fancy  derive  the  three 
sporangia  from  the  splitting  of  one  single  one,  and  finally  the  whole  flower 
from  one  sporangium  by  'progressive  sterilization,*  'amplification,'  and  so 
forth !  Here,  as  in  other  cases,  the  first  thing  that  has  to  be  sought  is  not 
the  phyletic  value  of  the  phenomenon  depicted,  but  the  determination  of  the 
conditions  under  which  they  occur. 


See  p.  606. 
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Female  Flower^.  The  female  flowers  are  much  more  variously 
constructed  than  are  the  male  flowers,  so  much  so  that  the  questions  what  is 
carpel  ?  what  is  flower  ?  what  is  inflorescence  ?  have  been  much  discussed. 
We  proceed  from  the  cone-like  flower  as  it  is  found  in  many  Coniferae,  and 
name  as  sporophylls  or  carpels  the  leaves  which  are  sessile  on  the  axis  of  the 
cone  which  has  some  resemblance  in  habit  with  the  female  flower  of  the 
Cycadaceae.  The  ovules  stand  in  the  axil  of  these  leaves,  sometimes  as  in 
the  Abietineae  upon  a  special  scale — ^the  seminiferous  scale. 


^  finnaie  flower;  d^the 


Ginkff 


bilolML    ^,  portioo  of  a  branch  with  a  short  shoot  bearing  a  male  flower:  a,  by  stamens: 
with  seed :  ^,  stone  of  the  seed ;  f^  seed  in  transverse  section ;  /;  seed  in  longitudinal 
section ;  A,  flower  with  many  ovules.    After  Richard.    Lehrb. 


We  may  first  of  all  point  out  that  the  carpels  at  the  period  of  flowering 
are  in  general  the  less  developed  the  less  they  are  required  for  the  protection 
of  the  ripening  seed.    We  see  this  particularly  in  Ginkgo. 

Ginkgo.  The  female  flowers  of  Ginkgo  (Fig.  347,  c)  are  small  axillary 
shoots  on  which  normally  two  ovules  are  found  (Fig.  347,  K)  *.  The  sporo- 
phylls are  usually  not  visible  here  as  separate  formations,  and  it  is  highly 
probable  that  an  entire  reduction  has  taken  place,  as  we  have  seen  it  in 
the  male  flowers  of  Juniperus,  that  is  to  say  the  sporophylls  are  reduced  to 
single  megasporangia.    Only  if  these  appear  stalked,  as  in  Fig.  347,  h^  the 


^  A  detailed  description  of  the  relatioDships  of  the  female  flower  is  more  withia  the  province  of 
systematic  botany.  There  are,  however,  a  few  facts  which  most  be  stated  on  account  of  their  organo- 
graphical  bearing.  Of  the  literature  see  specially  Strasborger,  Die  Coniferen  nnd  die  Gnetaoeen, 
Jena,  187a;  id.,  Die  Angiospermen  nnd  die  Gynmospermen,  Jena,  1879;  &lakovsky.  Die 
Gynmospermen,  eine  morphologisch-phylogenetische  Stndie,  in  Abhandlnngen  der  koniglich- 
bdhmischen  Gesellschaft  der  Wissenschaften,  Folge  7,  iv  (1890) ;  id.,  Nachtrag  zu  meiner  Schrift  iiber 
die  Gynmospermen,  in  Englex's  Jahrbucher,  xxiv  (1898).    The  further  literature  is  cited  in  these  works. 

'  This  figure  shows  a  great  number,  and  thus  the  ovules  appear  stalked. 
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stalk,  as  in  the  megasporangia  of  Juniperus,  is  the  lower  portion  of  a  carpel 

upon  which  the  m^asporangium  is  terminal.    The  sporophyll  is  indeed 

also  very  reduced  in  the  male  flower  of  Ginkgo,  but  in  abnormal  cases,  as 

Fuji  has  observed,  megasporangia  can  also  appear  upon  the  foliage-leaves. 

The    seeds    are    specially 

\zxg^    (Fig.    347.   ^    and 

have  as  in   Cycadaceae  a 

fleshy  outer  coat  and  hard 

inner  one.    The  hook-like 

swelling  at  one  side  of  the 

base  of  the  megasporangium 

may  be  compared  with  the 

outgrowth  of  the  sporophyll 

arising  in  a  similar  position 

in  the  Cycadaceae. 

Taxineae.  In  this 
family  likewise  the  ovules 
ripen  without  the  protection 
of  carpels,  and  the  seeds  like 
those  of  Ginkgo  have  a  hard 
inner  coat  and  a  succulent 
outer  coat,  and  are  thus 
adapted  for  distribution  by 
animals,  especially  birds. 

Cephalotaxos  and  Tor- 
reya.  In  Cephalotaxus  and 
Torreja  the  ovules  stand  in 
pairs  in  the  axils  of  one  leaf, 
the  sporophyll  (Fig.  348,  V). 
In  Cephalotaxus  these  sporo- 
phylls  are  united  into  small 
cones,  and  of  the  ovules  usually 
only  one  develops  further. 
Between  the  ovules  there  is 
a  flat  enlargement  which  has 
been  interpreted  as  the  vegetative  point  of  the  axillary  shoot  which  bears  the  ovule  ^ 
or  as  a  third  sterile  carpel. 

Phyllooladus.  In  Phyllocladus  (Fig.  348,  VI)  the  ovules  are  solitary  in  the 
axil  of  a  carpel.  They  are  provided  with  an  aril  and  are  protected,  at  least  in  the 
cases  which  have  been  examined,  by  the  sterile  carpel  standing  above  them.  Formal 
morphology  takes  the  ovule  in  this  genus  to  be  the  single  carpel  of  an  axillary 
carpellary  shoot  that  is  no  longer  percepdble. 

^  By  this  explanation  we  should  have  here  as  in  Ginkgo  a  carpel  reduced  to  an  ovale. 


I-III,  Dacirdium  Colenaoi.  I,  flower  with  an  oynle  in 
longitnBinal  section;  H^  resin-canal.  II,  flower  with  two  ovules. 
Ill,  ovale  in  transverse  section ;  G^  vascular  bundles ;  H^  resin*canalB ; 
y,  woody  envelope.  IV,  Sequoia  sempervirens.  Cone-scale  in  longi- 
tudinal section :  jkovule.  A  resin-canal  and  a  vascular  bundle  are  seen 
in  the  scale.  V,  Cephalotaxus  Portund.  Portion  of  a  fenude  flower 
in  transverse  section;  A,  axis;  Z>,  sporophyll;  5",  ovule.  VI,  Phyllo- 
cladus alpinus.    Young  fruit  in  longiUidinal  section ;  Ar^  ariL 
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In  the  illustrations  that  have  been  given  the  '  flowers^ '  consist  of  a  large  number 
of  carpels  which  bear  one  or  many  ovules  in  their  axils. 

Podooarpeae.  A  reduction  in  the  number  of  the  ovules  takes  place  also  in  the 
Podocarpeae,  where  we  have  sometimes  flowers  in  which  there  are  many  sporophylls 
each  bearing  one  anatropous  bitegminous  ovule  (Fig.  349,  IV),  sometimes  flowers 
in  which  only  one  sporophyll  is  fertile,  or,  it  may  be,  only  one  sporophyll  exists. 
In  Podocarpus  ensifolius'  (Fig.  349,  I-III)  the  flowers  begin  with  two  sterile 
prophylls  which  are  frequently  like  foliage-leaves,  whilst  the  sporophylls  thicken 
fleshily  at  their  base  (Fig.  349,  I).  In  Fig.  349,  II,  two  sporophylls  are  fertile, 
that  is  to  say,  bear  ovules.  In  Fig.  349,  III,  only  one  sporophyll  is  fertile  notwith- 
standing the  number  of  leaves  which  are  combined  together  in  the  cone. 


Podocarpus  ensifolius.     I-III,  female  flower-cone  in  difierent  stages  of  construction.    IV,  apex  of 
with  ovnle  in  Ionfi:ita<Unal  section :  Ar,  aril.    V,  ooint  of  insertion  of  ovule  in  transverse  section ; 


Fig.  349: 

a  cone-scale   wiuj   «#vuiv    m    iuukicuvuimu   Bf:\.vivu,     ^^^t    »<ia.        V,   t/viiiL   ' 

Tascalar  portion  of  the  condacting  bundle  shaded,  sieve>portion  dotted. 


Daorydium  Oolensoi'  (Fig.  348,  I-III)  has  flowers  which  are  no  longer 
sharply  limited.  On  a  branch  which  may  subsequently  elongate  vegetatively  ^  some 
leaves  develop  bearing  one  or  two  sporangia  (Fig.  348, 1,  II).  This  is  the  flower. 
We  can  imagine  that  such  a  flower  has  arisen  out  of  one  like  that  of  Podocarpus 
ensifolius  by  the  flower-axis  forming  vegetative  leaves  above  the  carpels,  and  in 
connexion  therewith  showing  no  limited  growth  but  growing  forth  further  as  a 
vegetative  shoot. 

Taxus.  In  the  genus  Taxus  (Fig.  350)  the  female  flower  is  composed  of  a 
single  ovule  which  forms  the  end  of  a  small  shoot,  and  below  the  ovule  there  are 
a  number  of  small  scales.  It  is  a  form  of  flower  which  difiers  much  more  from  the 
sporangial  grouping  in  the  Pteridophyta  than  do  the  forms  which  have  been  mentioned 
above. 

^  According  to  other  interpretations  really  inflorescences. 

*  I  gathered  this  in  West  Australia. 

'  I  collected  this  in  New  Zealand  thinking  it  was  Podocarpus,  but  Dr.  Pilger  of  Berlin  has  been 
good  enough  to  identify  it  for  me. 

*  One  sees  then  on  the  twig  a  scar  indicating  the  place  where  the  seed  sat 
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With  r^ard  to  the  female  flowers  of  the  other  Coniferae : — 
Araucarieae.  We  have  a  simple  construction  in  the  Araucarieae. 
The  ovules  are  solitary  or  many  upon  the  upper  side  of  the  sporophylls 
which  stand  on  an  axis  and  compose  with  it  the  female  cone.  We  should 
obtain  the  relationships  of  position  of  the  female  flower  of  Dammara  rightly 
enough  if  we  replaced  j^ 

by  ovules  the  sporangia  ^ 

of  a  spike  of  Lycopo-  -A 

dium. 

Taxodieae.  Cu- 
PRESSINEAE.  A  com- 
plication appears  in 
other  forms  where  an 
outgrowth  arises  upon 
the  sporophyll  above 
the  primordium  of  the 
ovule  and  becomes  only 
a  membranous  wing,  as 
in  Cunninghamia ;  or 
a  scale-like  formation, 
as  in  Cryptomeria  japo- 
nica,  where  it  ends 
above  in  several  leaf- 
point-like  teeth  which 
are  also  indicated  in 
Sequoia  sempervirens 
(Fig.  348,  IV)  ^   or  a 


massive  outgrowth  not 
segmented  off"  from  the 
sporophyll  or  semini- 
ferous scale,  as  in  the 
Cupressineae,  where  in 
most  cases  it  is  unmembered  but  in  Cupressus  Lawsoniana  such  teeth  are 
also  seen.  The  ovule  stands  here  upon  a  small  growth  in  the  axil  of  the 
scale  of  the  cone.  The  scale  itself  develops  after  fertilization  in  the  same 
way  as  does  the  megasporophyll  of  Ceratozamia  ^. 

Abietineae.  The  Abietineae  show  the  most  peculiar  formations. 
The  ovules  are  placed  upon  a  body  called  the  seminiferous  scale  which 
covers  and  reaches  beyond  the  scale  of  the  cone.  The  cone  is  composed  of 
a  spindle  on  which  scales,  the  sporophylls  *,  are  inserted,  and  in  their  axils 
the  seminiferous  scales  arise.     Each  seminiferous  scale  bears  two  ovules  upon 

*  Where,  however,  the  teeth  do  not  fall  over  the  ovules. 
^  See  p.  512.  '  The  '  bract-scales'  of  authors. 


Fig.  350.  Taxus  baccata.  W,  twig  with  female  flowers ;  •  two  ovales  on 
the  same  shoot.  B,  leaf  with  fertile  axillary  shoot.  C,  »hoot  in  longitadinal 
section  whose  apex,  f  ,  is  displaced  to  the  side.     At  the  top  a  female  flower ; 


,  incipient  aril ; 
After  Strasburger. 


>,  iiuwiiiM .  ^,  megaspore ;   /,  integument ;  m,  micropyle. 
Lehrb.  A^  natural  sue.  B^  magnified  a.    C,  magnified  48. 


,  nncellus ; 
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its  upper-surface.    The  history  of  development  makes  clear  the  relationships, 
and  I  may  describe  them  briefly  as  they  are  known  in  the  silver  fir  ^ : — 

Development  of  the  female  flower  in  silver  flr.  The  bud  out  of  which 
the  female  flower  proceeds  is  distinguished  at  first  only  slightly  from  a  foliage-bud. 
It  stands  in  the  axil  of  a  foliage-leaf  or  needle  upon  the  upper  side  of  a  twig,  and  is, 
like  the  buds  which  will  unfold  as  new  shoots  in  the  following  spring,  covered  with 
bud-scales.  Its  thick  vegetative  cone  which  is  enclosed  by  the  bud-scales  produces 
a  number  of  primordia  of  leaves  as  does  the  foliage-bud.  These  primordia  which  in 
their  young  condition  quite  conform  to  those  of  the  foliage-leaves  do  not,  however, 
develop  into  foliage-leaves  but  into  the  sporophylls  mentioned  above,  and  they 
remain  somewhat  small.  After  some  time,  at  the  beginning  of  October,  there  is 
found  at  the  base  of  each  sporophyll  a  hemispheric  swelling.  This  is  the  primordium 
of  the  seminiferous  scale  upon  which  later  the  ovules  arise.  Were  the  seminiferous 
scale  in  this  stage  to  be  arrested  it  would  appear  as  an  ordinary  placenta,  like  the 
placental  cushions  of  many  ferns,  or  those  upon  which  the  microsporangia  of  the 
Cycadaceae  arise.  But  instead  of  doing  this  when  the  further  development  begins 
in  May  of  the  succeeding  year  this  cushion  begins  to  grow  into  the  form  of  a  scale, 
becomes  much  larger  than  the  sporophyll,  and  quite  covers  it.  At  the  base  of  this 
seminiferous  scale  the  ovules  arise ;  they  are  at  first  erect,  and  later  become  inverted 
so  that  their  micropyle  is  directed  downwards  towards  the  spindle  of  the  cone. 
This  peculiar  construction  has  a  connexion  with  pollination*,  which  is  somewhat 
different  in  the  different  species  because  the  seminiferous  scale  at  the  time  of 
pollination  does  not  show  everywhere  the  same  relationship  to  the  sporophyll 
Everywhere  in  the  cone-flower  the  scales  open  out  at  the  time  of  pollination  and 
subsequendy  lie  close  together  upon  one  another.  The  separation  of  the  scales  is 
occasioned  by  a  stretching  of  the  intemode  of  the  axis  of  the  flower.  The  closing 
is  the  result  of  the  strong  growth  upwards  of  the  seminiferous  scale. 

Pollination  in  Pinos  Fumilio.  As  regards  pollination,  we  may  describe  it 
in  Pinus  Pumilio.  The  seminiferous  scales,  as  in  the  other  species  of  Pinus,  are  much 
larger  at  this  time  than  the  sporophylls.  They  have  a  bright  red  colour,  and  possess 
upon  their  middle  a  keel-like  elevation  (Fig.  351,  A),  and  the  pollen-grains  slide  along 
the  erect  seminiferous  scale  on  both  sides  of  this  median  keel  (Fig.  351,  a,  b)  and  so 
reach  the  micropyle  of  the  ovule  (Fig.  351,  M)  which  is  drawn  out  into  two  long 
lobes.  This,  however,  is  not  the  only  path  for  the  pollen-grains.  The  margins  of  the 
sporophyll  are  bent  back  so  as  to  produce  four  channels  (Fig.  351,  c,  </,  e^/\  and 
these  all  lead  finally  to  the  micropyle. 

In  Abies  excelsa,  Larix,  and  elsewhere,  where  the  seminiferous  scales  at  the 
time  of  flowering  are  still  smaller  than  the  sporophylls,  it  is  the  sporophylls  which 
form  the  passage  for  the  pollen-grains,  and  the  seminiferous  scales  take  only  a 
secondary  share  in  it,  inasmuch  as  they  cause  the  pollen-grain  in  the  last  portion  of 


^  See  Scfaacht,  Gnmdriss  der  Anatomie  and  Physiologie  der  Gevrachse,  Berlin,  1S59,  pp.  iSa  ff. ; 
also  Strasbuxger,  Die  Coniferen  nnd  die  Gnetaceen,  Jena,  187a. 

*  See  Vaucher,  Histoire  phyiiologiqae  des  plantes  d'Europe,  Paris,  1841,  tome  iv;  Strasborger, 
op.  dt.,  p.  a68. 
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its  way  to  slide  downwards  to  the  ovule.  After  fertilization  the  seminiferous  scale 
enlarges  considerably  and  encloses  the  seed  closely.  It  fulfils  now  the  same  function 
as  does  the  outgrowth  which  appears  only  after  fertilization  upon  the  sporophyll  of 
Cupressus.  In  the  two  functions — the  protection  of  the  ovule  and  the  conduction 
of  the  pollen-grain  to  the  ovule — the  seminiferous  scale  conforms  to  the  ovary  of 
the  Angiospermae.  The  important  part  played  by  the  exudation  of  a  drop  at  the 
micropyle  of  the  megasporangium  has  long  been  known  in  the  fertilization  of  all 
the  Coniferae  *. 

Position  of  the  Female  Flower  in  Coniferae.  As  r^ards  the 
position  of  the  flowers :  the  female  flower  in  the  majority  of  the  Coniferae 
is  so  placed  that  the  pollina- 
tion takes  place  from  above. 
Where  they  are  not  erect  they 
curve  n^jatively  geotropically 
upwards,  as  is  especially  seen 
in  the  case  of  Larix.  It  ap- 
pears to  me  to  be  significant 
that  this  tak^  place  specially 
in  the  coniferous  flowers  which 
possess  ovules  whose  micro- 
pyle by  a  subsequent  growth 
is  turned  downwards^  as  in  the 
Abietineae  and  Podocarpus. 

Biological  Relation- 
ships. Regarding  the  bio- 
logical relationships  of  the 
female  flower  there  is  little 
of  a  general  character  to  re- 
late.   There  is,  however,  the 

question  of  the  pollination  of  the  ovules  and  the  protection  of  the  ripening 
seed- 

This  problem  can  be  solved  in  different  ways.  In  many  cases  the  aid  of 
carpels  is  entirely  got  rid  of,  as  in  Ginkgo  and  Taxus,  and  the  flowers  then 
appear  to  be  extremely  reduced.  The  outgrowth  of  the  carpels  appears  the 
earlier,  the  earlier  its  function  is  performed ;  where  its  work  is  only  that 
of  protecting  the  seed,  as  in  the  Cupressineae,  it  arises  late ;  where  it  aids  in 
the  conduction  of  the  pollen-grain,  as  in  the  Abietineae,  it  appears  earlier. 

The  lie  of  the  megasporangium  within  the  flower  may  be  connected  with 
its  size  or  with  that  which  the  seed  will  reach.  So  far  as  I  see,  the  ovules  of 
flowers  where  there  are  numerous  ovules  retain  the  upright  position  only  if 
they  are  relatively  small  and  belong  to  cones  of  small  dimensions.    Where 


PlQ.a5i.  PfnoB  Punilia  Portioo  of  a  tan^ntial  section  t 
a  female  cone  at  the  time  of  pollination :  Z>,  sporopfayO ;  5",  aeminil. 
(ieroat  scale ;  K^  median  ridge  on  seminiferons  scale ;  J/,  micropyle; 
a^b^c^  4f  €^f^  channels  along  which  the  poUen^ains  slide  to  the 


^  Vaacher,  Histoire  physiolpgique  des  plantes  d*Eiirope,  Paris,  1841,  tome  !▼. 
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the  seeds  are  larger  and  are  arranged  in  larger  cones  they  caa  be  better 
looked  after  if  their  longer  axis  falls  in  with  that  of  the  cone-scales^. 
Nevertheless  in  the  Abietineae  the  ovules  are  inverted.  What  significance 
the  anatropous  configuration  in  the  ovules  of  the  Podocarpeae  has  we  do 
not  know. 

The  Question  of  Flower  or  Inflorescence.  The  relationships  of 
configuration  of  the  female  flowers  of  the  Ginkgoaceae  and  of  the  Coniferae 
have  received  very  different  morphological  explanations,  Worsdell  has 
given  recently  an  historical  account  of  these  to  which  I  may  refer  ^.  I  would 
only  refer  to  one  point.    What  has  been  spoken  of  above  as  a  female  flower 

in  the  Abietineae,  Podocarpeae,  and  Cupres- 
sineae,  is  by  others  regarded  as  an  inflorescence. 
This  interpretation  is  with  great  ingenuity  de- 
fended by  Celakovsk^,  who  bases  it  chiefly 
upon  two  grounds : — 

{a)  the  structure  of  the  female  flower  of 
Ginkgo ; 

(b)  the  *  anamorphose '  which  has  been  fre- 
quently observed  especially  in  the  Abietineae. 

The  argument  from  anamorphose.  In  this 
scminifSJlw  siSfc"1Sx^atioii  ?^e  wc  have  to  deal  with  malformations — when  compared 
i^'inif^oVs^^i^'i^^Ali^^ndS  with  the  normal— in  which  a  shoot  appears  in  the  posi- 
SS  ffl^h^'fi^re.'"'*''^  ^~"  "^  '"    tion  of  the  seminiferous  scale,  and  various  intermediate 

states  between  normal  seminiferous  scales  and  vegeta- 
tive shoots  arise — a  consequence  of  the  vegetative  transformation  setting  in  at  an  earlier 
or  later  stage.  We  may  meet  with,  for  example,  a  shoot  which  begins  with  two  leaves 
bearing  upon  their  under-surface  rudimentary  ovules.  From  this  it  has  been  concluded 
that  the  seminiferous  scale  is  an  axillary  shoot  producing  two  leaves  which  twist  through 
about  9©**,  become  concrescent  by  their  edges,  and  bear  each  of  them  one  ovule  upon 
the  under-surface  which  is  turned  to  the  axis  of  the  cone.  In  Pinus  a  third  rudimentary 
leaf  is  added,  which  is  constructed  as  a  *  keel.'  Fig.  352  will  help  to  explain  this. 
It  shows  a  malformed  seminiferous  scale  from  an  androgynous  cone '.  Instead  of 
the  normal  seminiferous  scale  there  are  three  leaf-like  structures,  a,  3,  c,  united  at 
their  base  and  each  bearing  upon  its  under-surface  one  malformed  ovule  recognizable 
by  the  abnoraial  micropyle,  mi,  a  and  b  correspond  to  the  first  two  leaves  of  the 
axillary  shoot  of  the  bract-scale.  They  have  not,  however,  undergone  complete 
torsion  and  they  bear,  the  ovular  primordia  evidently  still  upon  their  outer  side. 
Whether  r  is  a  new  formation  or  corresponds  to  the  keel,  which  might  also  be 


^  We  have  seen  the  same  features  in  the  Cycadaceae ;  one  may  compare  the  Ue  of  the  m^aspo- 
rangia  of  Ceratozamia  (Fig.  343)  with  that  of  Cycas. 

*  WorsdeU,  The  Structure  of  the  Female  '  Flower*  in  Coniferae.  An  Historical  Study,  in  Annals 
of  Botany,  xiv  (1900). 

'  See  the  account  of  this  cone  on  page  471  where  it  is  figured  (Fig.  311).  Malformed  scales 
frequently  appear  here  as  well  as  normal  seminiferous  scales. 
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represented  by  ^,  is  not  of  importance.  That  we  have  to  do  here  with  a  check  of 
the  development  is  shown  by  the  arrest  of  the  ovules.  If  we  regard  the  occurrence 
from  the  *  purely  morphological '  side  the  whole  structure  corresponds  to  an  axillary 
shoot  of  the  bract-scale  which  usually  is  reduced  to  two  leaves ;  in  Araucaria  and 
Podocarpus  there  would  be  only  one  present,  in  Cryptomeria  and  others  there  would 
be  many  laterally  confluent  with  one  another.  If  these  leaves  be  the  sporophylls, 
the  covering  scales  are  the  bracts  of  the  flower. 

Argument  from  viresoenoe.  Similar  phenomena  appear  when  virescence  takes 
place.  There  can  be  no  doubt  that  in  virescence  we  have  a  vegetative  transformation 
of  the  seminiferous  scale,  but  it  does  not  follow  that  we  must  endeavour  to  make  out 
that  the  observed  phenomena  are  those  of  the  'normal'  course  of  development 
The  plant  devotes  to  the  construction  of  the  ovules  and  to  the  protection  of  these  an 
axillary  outgrowth  of  the  bract-scale  which  can  appear  in  vegetative  development  as 
a  shoot  This  transformation  is  brought  about  by  external  influences,  at  least  in 
many  cases*.  We  find  virescent  cones  on  pruned  spruce-hedges,  and  on  trees 
growing  at  the  upper  limit  of  tree-growth  where  they  easily  lose  their  top.  Naturally 
other  factors  can  act  also. 

Summary.  Putting  on  one  side,  however,  the  causes  which  bring  about  the 
virescence  and  other  checks,  we  may  sum  up  as  follows  : — 

If  the  development  of  the  primordium  of  the  seminiferous  scale  of  the  Abietineae 
is  stopped  at  an  early  enough  period  it  can  grow  out  into  an  axillary  shoot  whose 
first  leaves  bear  the  arrested  ovules  on  their  under-surface.  It  is  possible  to  construct 
a  series  which,  starting  from  the  seminiferous  scale  of  the  Abietineae,  passes  to  the 
dorsal  outgrowth  of  the  cone-scale  of  the  Cupressineae.  This  does  not  require  the 
primordium  of  the  seminiferous  scale  to  have  been  a  shoot  with  developed  leaves.  It  may 
have  experienced  its  transformation  into  seminiferous  scale  before  such  a  segmentation 
set  in,  and  in  phyletic  relationship  I  see  no  necessity  for  the  assumption  that  the 
seminiferous  scale  corresponds  to  a  small  greatly  reduced  flower.  There  are  wanting 
transition-forms  which  would  demonstrate  any  such  history.  The  analogy  with 
Ginkgo  is  of  less  value  as  an  argument  because  a  common  origin  of  the  Coniferae 
and  Ginkgoaceae  is  extremely  improbable. 

Hypothesis.  We  may,  however,  if  we  wish  to  construct  hypotheses  suggest 
others.  Starting  from  a  carpel  like  that  of  Ceratozamia  which  bears  two  lateral 
ovules,  if  these  are  displaced  upon  the  upper-surface  of  the  carpel  they  may  assume  an 
axillary  position  to  it.  If  their  number  increases  then  we  at  once  have  the  relationship 
in  many  Cupressineae ;  if  it  diminishes  we  have  that  of  Podocarpus.  For  the  pro- 
tection of  the  seeds  the  carpel  develops  into  the  peltate  form  of  the  Cupressineae, 
and  soon  there  arises  a  more  or  less  independent  axillary  outgrowth  of  this,  which 
in  its  extreme  form  exhibits  the  construction  as  it  occurs  in  the  Abietineae.  Virescence 
and  other  malformations  seem  to  me  only  to  show  that  the  primordium  of  the  semini- 
ferous scale  has  the  capacity,  although  this  usually  remains  latent,  to  develop  into 
an  axillary  shoot,  but  not  that  it  ever  was  a  functionally  active  one.  The  mycelium 
of  a  fungus  induces  the  leaf  of  Pleris  quadriaurita  to  produce  shoots^ — a  capacity 


^  See  Goebel,  Vergleichende  Entwicklangsgeschichte  der  Pflanzenorg^ane,  in  Scheok's  Handbuch 
der  Botanik,  iii  (1884),  p.  123. 
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which  usually  remains  latent — which  are  then  provided  with  leaves.  The  galls  caused  in 
Aspidium  aristatum  *  by  Taphrina  comu  cervi  may  be  termed  a  rudimentary  attempt 
at  the  formation  of  shoots.  The  unfolding  of  a  latent  primordium  does  not  of 
necessity  require  us  to  conclude  that  it  is  a  '  reduction.' 

The  foregoing  hypothesis,  which  of  course  is  only  one  of  the  many  that  might 
be  suggested  to  bring  the  facts  into  union  one  with  another,  appears  to  me,  however, 
to  lead  to  greater  simplification.  Whilst  there  is  something  to  be  said  for  the  hjrpo- 
thesis  which  traces  the  construction  from  Ginkgo,  yet  I  must  state  that  it  seems  to 
me  to  be  a '  purely  formal '  one,  and  that  it  has  not  as  yet  explained  to  us  in  its 
teleological  connexion  why  the  female  coniferous  flower  should  have  experienced 

such  far-reaching  transformations  whilst  the  relation- 
ships to  pollination  at  least  are  nearly  alike  in  all. 

III.    GNETACEAE. 

The  third  group  of  the  Gymnospermae — 
or,  if  one  makes  the  Ginkgoaceae  a  separate 
group,  the  fourth — is  the  Gnetaceae,  and  it  does 
not  require  here  any  elaborate  description. 
The  flower  is  surrounded  by  a  perianth,  indi- 
cations of  which  are  also  found  in  the  flowers 
ofother  Gymnospermae,  and  in  Welwitschia  we 
meet  with  for  the  first  time  a  hermaphrodite 
flower,  which,  however,  becomes  unisexual  by 
the  arrest  of  the  stamens  or  of  the  female 
apparatus.  It  is  possible  that  Welwitschia 
(Fig.  353)  originally  possessed  hermaphrodite 
flowers.  That  consequently  all  gymnospermous 
flowers  must  be  considered  as  primarily  hermaphrodite  does  not  appear  to 
me  to  be  a  consequence  ^.  The  stamens  of  Welwitschia  are  concrescent  below 
into  a  cup-like  structure,  and  each  bears  at  its  apex  three  microsporang^ 
arranged  radially,  and  opening  by  splits.  In  Ephedra  there  stands  in  the 
middle  of  the  flower  which  is  invested  by  two  envelope-leaves  a  stalk-like 
column  on  which  two  or  more  bilocular  sporangia  are  seated,  and  these  may 
well  be  regarded  as  reduced  stamens.  The  function  of  the  filaments  which 
are  absent  is  performed  here  by  the  elongation  of  the  flower-axis  which  thus 
raises  up  the  sporangia  for  the  proper  distribution  of  the  spores  ^. 

The  essential  thing  here  is  that  the  conformation  of  the  stamens  stands 
in  relation  to  the  presence  of  a  flower-envelope  which  encloses  the  stamens 
until  a  short  time  before  their  unfolding.    In  the  other  Gymnospermae  it  has 

^    See  Giesenhagen,  Die  EDtwicklnngsreihen  der   parasitischen    Exoosceen,    in    Flora,   Izxsi 
(Er^nzuQgsband  zum  Jahrgang  1895),  p.  350. 

*  See  in  this  relation  what  has  already  been  said,  p.  471,  and  Part  I,  p.  60. 

*  It  is  therefore  of  little  moment  whether  one  derives  the  column  from  the  flower-axis  or  from 
a  congenital  union  of  leaf-stmctures  in  whose  formation  the  flower-axis  is  quite  used  np. 


'•  353- 

flower  after  removal  of  the  flower-enve- 

»ex  of  the  integU' 
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lope ;  Ny  «tig[ma-Iike  apex  of  the  intega* 
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been  shown  that  the  conformation  of  the  stamens  has  the  closest  connexion 
with  the  protection  of  the  microsporangia  in  the  bud,  and  that  the  special 
*  aim '  of  the  configuration  of  the  lamina  of  the  stamens  is  the  protection 
of  the  microsporangia  during  their  ripening  and  there  is  no  question  of  an 
envelope  of  the  male  flower  for  this  purpose.  But  in  the  Gnetaceae  where 
the  envelope  itself  encloses  the  microsporangia  the  configuration  of  the 
stamens  is  correspondingly  simplified.  The  majority  of  Angfiospermae 
behave  in  exactly  the  same  way. 

The  construction  of  the  female  flower  will  be  briefly  referred  to  when 
megasporangia  are  described  ^. 

The  flower-envelope  of  the  Gnetaceae  may  be  considered  as  being 
constructed  out  of  hypsophylls.  When  speaking  of  the  envelopes  in  the 
Angiospermae  reference  will  be  made  to  this  again  *. 

An  approach  to  the  Angiospermae  is  also  found  in  this — ^the  ovule  is 
invested  by  an  outer  envelope.  This  may  be  regarded  as  composed  of  two 
concrescent  leaves,  and  it  is  present,  for  example,  in  Ephedra,  even  when  the 
seed  is  ripe,  forming  a  thick  outer  shell  like  a  pericarp  in  an  angiospermous 
fruit  This  structure  may  be  regarded  as  a  rudimentary  ovary  which  has 
not  reached  the  stage  of  forming  a  stigma ;  the  stigma-like  organ  of  the 
Gnetaceae  belongs  rather  to  the  integument  of  the  ovule. 

IV 

THE   SPOROPHYLLS  OF  THE  ANGIOSPERMAE 

A.    THE  FLOWER  IN  GENERAL. 

The  flowers  of  the  Angiospermae  are  much  more  varied  than  are  those 
of  the  Gymnospermae  ^.  They  differ  from  those  of  the  Gymnospermae 
particularly  in  this,  that  the  ovules  (m^asporangia)  are  enclosed  before 
pollination  in  an  ovary  which  has  developed  a  special  organ — the  stigma — 
for  the  reception  of  the  pollen-grains  (microspores).  The  carpels  (mega- 
sporophylls)  are  therefore  differently  constructed  from  those  of  the  Gymno- 
spermae. The  stamens  (microsporophylls)  have  in  almost  all  Angiospermae 
an  essentially  sihiilar  construction  about  which  more  will  be  said  later  on. 
The  flower-envelopes  which  in  the  Gymnospermae  only  give  protection  in 
the  bud,  are  much  more  conspicuously  developed  in  the  Angiospermae.  In 
many  forms,  especially  those  in  which  pollination  is  effected  by  the  agency 

*  See  p.  629.  •  See  p.  549. 

'  I  can  only  briefly  refer  in  this  book  to  some  general  relationships  and  to  some  of  the  chief  pecu- 
liar organographical  features.  Valuable  material  from  the  morphological  side  wiU  be  found  in  Payer, 
Traits  d^organog^nie  compart  de  la  fleur,  '  Paris,  1857 ;  Eichler,  Bliithendiagramme,  Leipzig, 
1875  !  Englei'  <uid  Prantl,  Die  natUrlichen  PflanzenfamiUen ;  Goebel,  Vergleichende  Entwicklongs^ 
geschichte  der  Pflanzenoigane,  in  Schenk's  Handbuch  der  Botanik,  iii  (185)4).  ^  regards  tiie 
configuration  of  the  flower  in  relation  to  pollination  see  Knuth,  Handbuch  der  Bliitenbiologie, 
Leipzig,  1 898- 1 904. 
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of  animals,  this  envelope  is  entirely  or  partially  developed  as  2l  flag-apparatus. 
And  we  may  mention  as  a  further  peculiarity  of  the  angiospermous  flower 
that  it  is  predominantly  hermaphrodite,  and  unisexual  flowers  can  be  proved 
to  be  frequently  the  result  of  arrest  of  either  the  microsporophylls  or  the 
megasporophylls. 

The  great  importance  of  the  construction  of  the  flower  in  systematic 
botany  has  led  to  extended  investigation  of  it,  and  its  innumerable  variations 
have  received  very  full  treatment  in  systematic  works.  I  can  therefore  pass 
over  these  here,  as  well  as  the  consideration  of  the  relationships  of  the  flower 
to  pollination  ^,  and  confine  myself  only  to  an  account  of  some  of  the  chief 
peculiarities  by  which  flowers  are  distinguished  from  vegetative  shoots.  Apart 
from  the  construction  of  its  several  leaf-organs,  which  is  bound  up  with  their 
function,  and  the  special  features  of  its  axis  which  have  been  shortly  mentioned 
above  \  we  may  say  that  the  flower  of  the  Angiospermae  chiefly  differs  from 
the  vegetative  shoot  by  features  which  can  be  traced  back  to 

(i)  changes  in  the  arrangement  of  the  parts, 

(2)  concrescences, 

(3)  arrests. 

I  propose  now  to  give  some  illustrations  showing  only  the  general 
relationships '. 

(i)  Arrangement  of  the  Parts  of  the  Flower. 

It  has  been  already  shown  *  that  the  flower  in  Selaginella  possesses  an 
arrangement  of  the  leaves  which  is  in  part  different  from  that  in  the  foliage- 
shoots.  This  is  repeated  in  the  flower  of  the  Gymnospermae  and  the  Angio- 
spermae, and  not  only  in  the  flower  but  also  in  the  inflorescence,  very 
strikingly,  for  example,  in  many  Orchideae.  This  evidently  is  a  consequence 
of  the  changed  relationships  of  space  at  the  vegetative  point  of  the  inflorescence 
and  of  the  flower.  This  change  can  be  brought  about  in  different  ways. 
Some  of  the  processes  are  as  follow : — 

^  It  is  incorrect  to  speak  of  this  subject  as  '  flower-biology/  a  term  which  has  a  much  wider  signi- 
ficance. 

•  See  p.  470. 

'  The  account  I  give  is  based  essentiaUy  upon  what  I  have  already  published  in  Vergleichende 
Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbuch  der  Botanik,  iii  (1884).  I  here 
once  and  for  all  make  reference  to  Hofmeister's  Allgemeine  Morphologic  der  Gewachse,  Leipzig, 
1868.  With  regard  to  the  mechanical  theory  of  leaf-position  I  may  refer  to  Schwendener,  Mecha- 
nischeTheorie  der  Blattstellnngen,  Leipzig,  1868,  and  to  Schumann,  Bliithenmorphologische  Studien, 
in  Pringsheim*s  Jahrbiicher,  xz  (1889)  *  ^^'i  Neue  Untersuchungen  iiber  den  Bliithenanschluss,  Leip- 
zig, 1890;  id.,  Morphologische  Studien,  Heft  i,  Leipzig,  1893.  A  criticism  of  the  researches 
which  have  been  made  to  establish  a  mechanical  explanation  of  the  relationships  of  configuration  in 
flowers  is  here  impossible,  but  I  must  state  that  my  view  of  the  results  to  which  the  mechanical 
theory  of  leaf-position  leads  in  the  domain  of  flower-morphology  diflert  altogether  from  that  given 
by  Weisse,  Die  2Uihl  der  Randbliithen  am  Compositenkopfchen  in  ihrer  Beziehung  zur  Blattstellung 
und  Eroahiung,  in  Pringsheim's  Jahrbiicher,  xxx  (1897)  ;  see  also  Part  I,  p.  84. 

♦  See  p.  509. 
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{a)      RELATIONSHIP  OF  RELATIVE  SIZE  OF   PARTS   IN  THE  FLOWER. 

If  the  v^etative  point  of  the  flower  or  inflorescence  retains  the  dimen- 
sions of  that  of  the  vegetative  shoot,  whilst  the  size  of  the  primordia  of  the 
leaves — ^whether  these  be  leaves  within  the  flower  or  bracts  upon  the  inflor- 
escence—decreases, then  we  shall  find  numerous  primordia  of  leaves  with 
a  different  arrangement  from  that  in  the  vegetative  shoot.  Again,  if  the  vege- 
tative point  of  the  flower  or  inflorescence  broadens  relatively  to  the  foliage- 
shoot  this  likewise  occasions  a  change  in  the  arrangement  of  the  primordia 
of  the  leaves.  Changes  in  arrangement  are  all  the  more  prominent  if  the 
two  processes  mentioned  are  combined  together  as  they  are  in  the  capitulum 
of  Compositae.  This  connexion  between  relationship  of  size  and  arrange- 
ment becomes  specially  conspicuous  if  there  are  changes  in  the  numerical 
relationships  of  the  parts  within  the  flower  itself.  The  microsporophylls  in 
particular  furnish  us  with  examples.  They  are  almost  never  leaf-like  in  the 
Angfiospermae,  but  commonly  possess  a  narrow  thrcsLd-Uke  Jilament,  conse- 
quently each  of  the  stamens  occupies  at  its  origin  a  smaller  area  of  the  torus 
than  does,  for  example,  the  sepal.  Whilst  then  in  the  case  of  foliage-leaves 
if  their  arrangement  is  cyclic  the  number  of  members  in  the  several  succeed- 
ing whorls  normally  remains  the  same,  this  is  not  generally  the  case  in 
flowers.  The  disposition  of  the  stamens  in  many  Rosaeflorae  supplies  us 
with  a  striking  illustration  of  this  ^. 

Gtoum.  Bosa.  The  young  flower-bud  of  a  species  of  Geum  or  of  Rosa  shows 
the  usual  form  of  this  organ : — there  is  a  broad  convex  vegetative  point,  upon  which 
the  sepals  arise  in  the  usual  successive  series.  Then  before  the  inception  of  the 
five  altemisepalous  petals  there  develops  upon  the  peripheral  zone  of  the  torus  an 
annular  ring  or  cup  which  surrounds  the  central  portion  of  the  torus  upon  which  the 
carpels  arise.  The  primordia  of  the  stamens  shoot  out  upon  the  inner  margin  of  this 
cup,  appearing  in  basipetal  serial  succession  as  the  toral  cup  grows  by  means  of  its 
intercalary  vegetative  point.  The  number  of  the  staminal  primordia  is  very  variable, 
not  only  in  the  different  genera  and  species  but  also  in  one  and  the  same  individual 
— and  this  in  accord  with  the  size  of  the  staminal  primordia  and  also  with  the 
relationships  of  growth  of  the  torus  shortly  before  their  origin.  The  number 
increases  if  either  the  size  of  the  primordia  diminishes  or  that  of  the  zone  of  the  torus 
upon  which  they  arise  increases  immediately  before  their  inception.  According  to  the 
earlier  or  later  entrance  into  the  development  of  either  of  the  two  factors  just 
mentioned  we  find  at  first  five  altemipetalous  staminal  primordia,  or  ten  stamens 
appear  after  the  pentamerous  corolla. 

Agrimonia.  Agrimonia  gives  us  an  illustration  of  the  five  altemipetalous 
staminal  primordia.  Here,  after  the  inception  of  the  five  petals,  there  appear  five 
strikingly  large  altemipetalous  staminal  primordia  which  fill  up  the  space  between  the 
primordia  of  the  five  petals.    In  Agrimonia  pilosa  a  second  pentamerous  staminal 


*■  See  Goebel,  Beitrsige  znr  Morphologie  and  Physiologie  des  Blattes,  in  Botanische  Ztitong, 
xl  (1883),  p.  353. 
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whorl  follows  and  alternates  with  the  first  \  but  in  other  species  of  the  same  genus  the 
size  of  the  staminal  primordia  decreases  after  the  inception  of  the  first  whorl,  and  a 
second  staminal  whorl  which  is  decamerous  follows  the  first  pentamerous  one.  The 
members  of  this  decamerous  second  whorl  link  themselves  in  pairs  to  those  of  the 
first  This  construction  is  not  the  result  of  chorisis^.  In  consequence  there  is 
a  variation  in  the  number  of  the  stamens :  Agrimonia  Eupatoria,  for  example,  has  some 
flowers  which  have  twenty  stamens  and  some  flowers  which  have  only  five  stamens, 
and  in  numerous  case^  the  number  of  stamens  oscillates  between  these  extremes. 
The  whole  condition  depends  upon  relationships  of  nutrition.  We  have  no  reason  for 
assuming  that  the  most  completely  furnished  flowers  are  the  typical  ones,  that  is  to  say, 
are  to  be  considered  as  phyletically  the  older ;  and  this  is  shown  by  a  comparison  with 
other  species.  We  can  only  conclude  from  what  has  been  said  that  there  is  here  no 
constancy  in  the  number  of  the  stamens  from  the  beginning. 


Fig.  354.     Scheme  of  staminal  arranflrements  in  Rosaceae.     i,  species  of  Potentiila;  a  6,  cd^  ef^  pairs  of 


t  the  oatermost  whorl,    a,  Rubos  Idaeas,  only  the  outer  stamens  indicated ;  a,  6,  ^  d^  «,  sepals ;  i,  2, 3,  4,  5, 
petala    3,  Potentiila  fmticosa ;  i,  2,  3,  successive  staminal  whorls. 

Similar  relationships  occur  in  other  Rosaceae,  but  the  diminution  of  growth  in 
the  organs,  and  the  consequent  multiplication  of  the  number  of  stamens,  appears 
in  the  first  staminal  whorl.  Following  upon  the  five  petals  there  are  therefore  ten 
stamens  which  in  general  are  so  distributed  that  the  pairs  are  separated  from  one 
another  by  an  equal  distance  (Fig.  354). 

Potentiila.  These  relationships  of  space  are  retained  in  a  number  of  flowers, 
for  example  in  many  species  of  Potentiila,  and  then  a  second  decamerous  staminal 
whorl  (Fig.  354,  1) — in  many  cases  even  a  third  (Fig.  354,  2)— alternates  with  the  first 

BubUB.  It  is  otherwise  in  Rubus  of  which  Rubus  Idaeus  may  be  taken  as  an 
example.  Here  the  first  ten  stamens  arise  at  almost  equal  distances  from  one  another, 
but  very  early  this  arrangement  is  changed,  inasmuch  as  the  zone  of  the  torus 
opposite  the  sepals  (Fig.  354,  2,  a,  b,  r,  d,  e)  experiences  a  considerable  growth,  so  that 
the  separation  of  the  antisepalous  stamens  is  greater  than  is  that  of  the  antipetalous 
ones.  On  account  of  the  extent  of  this  growth  there  are  usually  two — seldom 
one — staminal  primordia  opposite  each  sepal.  These  again  by  further  growth  of 
the  torus  may  be  pushed  aside  from  one  another,  and  between  them  one  stamen  or, 
should  the  size  of  the  space  and  of  the  staminal  primordia  permit  of  it,  two  stamens 
may  be  interposed.  Thus  there  is  no  uniformity  even  within  one  and  the  same 
flower,  as  the  diagram  shows.     Likewise  in  front  of  each  of  the  petals  (Fig.  354,  2,  i. 


It  is  frequently,  however,  incompletely  formed. 


«  See  p.  533. 
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2,  3,  4,  5)  there  may  appear  two — seldom  only  one — stamens,  usually  synchronously 
but  often  one  before  the  other,  and  in  that  case  the  earlier  is  placed  somewhat  higher 
than  the  other,  so  that  we  can  suppose  that  there  has  been  chorisis.  The  further 
staminal  primordia  place  themselves  in  the  gaps  between  those  that  precede  them. 

In  other  Rosaceae*  there  are  found  like  variations  in  the  number  of  the 
staminal  primordia  according  to  the  relationships  of  space  and  the  relationships  of 
position  which  in  one  form  occasionally  vary  in  another  appear  to  be  nearly  constant ; 
thus  Potentilla  nepalensis  has  usually  two  antipetalous  staminal  primordia  instead  of 
one,  a  relationship  which  is  almost  constant  in  Rubus. 


^^'  iHS-    Eschscholtzia  californica.    Flower-bud  in  transverse  section.    I,  the  two  carpels  removed ;  tf,  brad  j 
«,  6,  propnylls ;  f,  calyx 

whorls,  a-5.    II.  shows  thirty-one  stamens.    Ill,  shows  twenty-eight 
eztrorse  throngh  the  medianly  convex  carvatnre  of  the  connectives. 


O.  355.  Eschscholtzia  californica.  Flower-bud  in  transverse  section.  I,  the  two  carpels  removed ;  tf,  bract : 
propnylls ;  c^  calyx ;  ^,  petals ;  then  follows  one  tetrameroos  staminal  whorl,  i,  and  four  hexamerons  staminal 
'Is,  a-5.    II.  shows  thirty-one  stamens.    Ill,  shows  twenty-eight  stamens.    The  anthers  in  II  and  III  almost  all 


Relationships  of  position  like  those  of  the  stamens  of  the  flowers  of  the 
Rosaceae  are  found  also  in  the  primordia  of  other  organs,  for  example  in 
the  bristles  which  stand  upon  the  outer  side  of  the  receptacle  of  Agrimonia, 
the  body  of  pappus  of  many  Compositae,  and  I  have  found  the  same  in  the 
androecium  of  a  number  of  flowers  in  other  families,  for  example  Mimoseae, 
some  Anonaceae,  Clematis,  Papaveraceae.  I  shall  give  one  more  example 
taken  from  the  Papaveraceae. 

Esohsoholtzia  calif omioa.    In  Fig.  355, 11  and  III,  we  have  representations 
of  two  transverse  sections  of  the  flower  of  Eschscholtzia  californica.    The  stamens  are 


^  See  the  treatises  that  have  been  cited. 
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numerous ;  their  connective  shows  later  a  strong  convex  curvature  upon  the  inner  side 
so  that  the  extrorse  position  is  assumed.  The  number  of  the  stamens  is  here,  as 
in  Rosaceae,  by  no  means  constant.  There  are,  for  example,  twenty-eight  in 
Fig.  355, 1,  thirty-one  in  Fig.  355,  II,  and  twenty-eight  in  Fig.  355,  III.  How  these 
are  arranged  is  shown  in  the  young  flower-bud  (Fig.  355,  I).  Following  upon  the 
dimerous  calyx  comes  the  corolla  of  two  dimerous  whorls  p,py  and  the  petals  are  set 
on  the  torus  with  a  broad  base.  With  these  four  petals  there  alternates  a  tetra- 
merous  staminal  whorP  whose  members  are  marked  with  i.  Now  the  conformation 
of  the  flower-bud  is  not  circular  but  transversely  oval  in  cross-section,  and  the 
narrower  sides  are  turned  to  the  prophylls  a  and  h.  Upon  the  broad  sides'  of 
the  flower  there  is  more  room  for  the  insertion  of  the  stamens  with  narrow  base  on 
the  flower-axis,  and  as  a  matter  of  fact  we  find  here  two,  whilst  upon  the  narrower 
side  there  is  only  one.  A  hexamerous  whorl  follows  the  tetramerous  one  and  its 
members  are  marked  with  a,  and  in  turn  it  is  succeeded  by  two  other  hexamerous 
whorls  until  finally  what  is  left  unoccupied  of  the  torus  is  used  up  by  two  carpels. 
In  the  flower  represented  in  Fig.  355,  II,  the  last  leaf-whorl  is  not  complete. 

In  other  Papaveraceae  the  relationships  are  the  same'.  In  Bocconia  the 
cyclic  arrangement  of  the  stamens  is  somewhat  confused. 

Chorisis.  The  examples  which  have  been  quoted  show  that  there  is  a 
connexion  between  the  number  of  the  stamens  and  the  relationships  of  space 
in  the  primordium  of  the  flower,  and  this  explains  why  we  have  changes  in  the 
numerical  relationships  in  the  several  whorls.  The  old  morphology  gave  a 
much  simpler  explanation  in  these  cases,  namely,  the  word  *  chorisis.*  Even 
in  the  latest  text-books*  this  notion  is  still  brought  forward  as  an  *  explana- 
tion.'    I  must  repeat  what  I  said  about  it  twenty  years  ago. 

Moquin-Tandon  was  the  founder  of  the  theory  of  *  d^doublement ".'  Later  the 
same  notion  was  designated  'chorisis,'  a  name  introduced  indeed  by  Dunal,  who 


^  It  is  a  not  uncommon  occurrence  that  the  change  of  the  numerical  relationships  in  cyclic  flowers 
does  not  take  place  abruptly  but  only  gradually.  Thus  we  see  in  the  first  staminal  whorl  still  a 
tetrameiy. 

'  The  transverse  position  of  the  carpels  is  no  doubt  connected  with  this  also.  Elsewhere,  if  two 
carpels  are  present,  they  are  usually  median. 

'  See  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch 
der  Botanik,  iii  (1884),  p.  300.  It  is  there  shown  that  in  the  Cmclferae,  where  usually  the  two  pairs 
of  longer  stamens  are  interpreted  as  a  chorisis  of  two  primordia,  the  analogy  with  the  Papaveraceae 
speaks  strongly  in  &vour  of  the  independence  of  each  staminal  leaf.  The  relationships  of  space  are 
quite  the  same.  Before  the  broad  side  of  the  carpel  there  is  more  room  than  before  the  narrow 
side. 

*  In  Strasburger's  Text-book  of  Botany,  and  English  Edition,  London,  1903,  it  is  said  (p.  536) 
that  in  the  Rhoeadinae  to  which  the  Papaveraceae  belong  the  androecium  consists  often  of  more  than 
two  whorls  on  account  of  the  splitting  of  its  members,  and  again  (p.  561)  that  in  the  Rosaceae  a 
<  splitting  of  the  whorls  and  of  the  individual  members  of  the  androecium*  has  taken  place  phyleti- 
cally.  Neither  statement  corresponds  with  facts ;  they  are  hypotheses  which  long  ago  have  been  shown 
to  be  untenable. 

*  Or  perhaps  we  should  say  Dunal.  See  Moquin-Tandon,  Essai  sur  les  d^doublements  ou  multi- 
plications des  v^^taux,  Paris  and  Montpellier,  1826. 
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also  Is  the  author  of  the  term  '  carpel  ^ '  German  authors  distinguish  between 
'splitting/  in  the  narrower  sense,  and  ' dWoublement '  or  'chorisis'  proper*  If  the 
portions  proceeding  out  of  a  common  primordium  appear  as  halves  of  one  whole 
then  one  speaks  of '  splitting/  but  if  each  of  these  parts  has  the  nature  of  a  whole 
leaf-organ  then  one  speaks  of  *dWoublement*  or  *chorisis*/  Moquin-Tandon's 
original  definition  ran '  *  when  in  the  place  of  one  stamen,  which  ordinarily  exists 
in  an  organic  symmetry  ^  one  finds  many  stamens,  these  have  become  many  by 
d^oublement  or  by  multiplication.'  Have  we  now  a  right  to  make  any  such  assumption? 
It  is  clearly  based  upon  a  comparison.  We  might  just  as  well  say  that  if  a  woman 
bears  twins  there  is  a  d^doublement  because  in  place  of  one  child  one  finds  two.  It 
may  be  asked,  if  the  expression  has  a  palpable  meaning — do  the  twins  arise  through 
the  splitting  of  an  embryonal  primordium  or  through  fertilization  and  further  develop- 
ment of  two  independent  separate  eggs?  It  is  clear  that  only  the  history  of 
development  and  the  comparison  with  allied  forms  can  give  information  as  to  which  is 
the  actual  process.  In  d^doublement  Moquin-Tandon  included  also  cases  in  which 
later  botanists  spoke  of 'branched  stamens/  for  example  in  Hypericum;  moreover 
he  enumerated  amongst  the  cases  in  which  d^doublement  occurred  those  of  the 
Ranunculaceae,  Anonaceae,  and  indeed  all  plants  with  many  stamens.  That 
d^doublement  which  corresponds  with  the  present-day  meaning  of  this  word  is  his 
' d^doublement  complete  but  simple' — in  which  the  organs  arising  by  dAiouble- 
ment  stand  either  in  one  line  beside  one  another,  or  in  many  phalanges  around  the 
gynaeceum,  as  in  Hypericum.  The  first  is  the  case,  for  example,  in  Alisma  Plantago : 
'six  stamens  opposite  in  pairs  to  each  of  the  three  petals,  and  produced  by  the  d^- 
doublement  of  three  stamens  each  into  two.'  More  particular  examination  of  this  case 
tells  us  that  the  history  of  development'^  by  no  means  bears  out  that  two  staminal 
primordia  have  proceeded  from  the  splitting  of  an  originally  simple  one,  but  on  the 
contrary  the  two  supposed  split  portions  are  wholly  independent  and  arise  upon  the 
torus  completely  separated  from  one  another  by  an  angle  of  it  Yes  I  But  this  is 
'  congenital  d^doublement.'  In  other  words  we  quiet  our  minds  regarding  the  feet 
that  in  the  position  of  the  primordium  of  an  organ  two  completely  independent  ones 
arise  in  this  way :  we  write  down  the  fact  in  two  words,  which  indeed  say  no  more 
than  that  nothing  of  a  splitting  or  branching  is  to  be  seen  here  from  the  very  first. 
Yet  many  see  in  this  an  '  explanation '  I  More  consequently  it  might  be  maintained 
that  the '  congenital  d^doublement '  may  be  an  actual  one,  as  our  methods  of  investi- 
gation— and  this  is  doubtless  true — are  imperfect,  and  the  splitting  takes  place  very 
early.  But  in  many  cases  as  is  shown  by  the  whole  configuration  of  the  flowers 
concerned,  those,  for  example,  of  Alisma,  as  well  as  those  of  Rosaeflorae  and 


^  See  regarding  this  termlDology  Moqnin-TandoD,  Elements  de  teratologic  v^tale,  Paris,  1841, 

P-  335- 

'  See  Eichler,  Bliithendiagramme,  i,  p.  5. 

'  See  Moquin-TandoD,  op.  dt,  p.  8. 

*  By  this  he  understands  with  de  Candolle  what  one  now  expresses  by  the  word  *  type '  or '  plan  of 
structure.' 

'  See  Buchenau,  Uber  die  Bliithenentwickdnng  von  Alisma  und  Butomus,  in  Flora,  xl  (1857), 
p.  341;  Goebel,  Beitriige  znr  Morphologie  und  Physiologie  des  Blattes,  in  Botanische  Zeitnng, 
xl  (1883). 
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Papaveraceae  above  described,  this  contention  is  quite  untenable,  and  the  general 
conception  out  of  which  it  has  sprung  is  certainly  not  one  that  need  be  maintained 
at  all  hazards.  It  is  possible  to  show  in  a  number  of  cases  that  the  replacement 
of  one  stamen  by  two  or  more  is  not  the  result  of  a  splitting,  but  depends  upon 
the  relationships  of  growth  in  the  torus,  and  variations  in  the  size  of  the  primordia  of 
the  organs.  An  '  explanation '  is  indeed  not  given  by  this^  but  only  one  of  the  con- 
ditions or  accompanying  circumstances  in  which  the  phenomena  in  question  appear 

is  made  clear  ^  An  explanation  of  the  causes  of 
these  relationships  of  growth  we  do  not  possess. 
That  usually  alternation  takes  place  is  moreover  only 
a  fact  of  experience  for  which  we  cannot  adduce  a 
causal  but  at  the  most  a  teleological  connexion. 
That  a  splitting  and  branching  of  staminal  primordia 
takes  place  should  not  surprise  us.  We  have  indeed 
seen  in  the  sporophylls  of  the  Filicineae  that  these 
^^^^^RK^AK. '^V^  ^^  often  richly  branched  like   the   foliage-leaves. 

jflf^^E^^^SSw  ^^^  ^^^^^  ^  °^  doubt  that  comparative  morphology 

^^^^  ^^^mHHv  ^^^  landed  itself  frequently  in  a  misuse  of  this  notion. 

In  recent  times,  however,  even  amongst  morpho- 
logists  a  reaction  has  begun  to  make  itself  felt  in 
the  direction  of  the  view  early  pleaded  for  by  me, 
but  naturally  then  ignored  by  the '  morphologists ' — 
a  reaction  which  has  led  to  the  notion,  to  be  men- 
tioned below,  of  *  negative  chorisis/  I  must,  however, 
next  deal  with  the  question  of  the  occurrence  of 
branching  or  splitting  of  stamens  and  carpels  in 
general. 

Branching  of  the  Stamens.  We 
LinJ^AeiSKp^^  start  from  a  special  case:— 

phalange.    Magnified  30. 

Hyperioaoeae.  The  stamens  in  the  flower 
of  Hypericum  aegyptiacum  are  arranged  in  bundles,  one  of  which  is  shown  in 
Fig.  356 :  a  number  of  perfect  stamens  spring  both  from  the  edge  and  from  the 
outer  side  of  a  common  flat  column.  This  structure  has  been  recognized  as  (me 
branching  leaf  ^or  the  following  reasons  :— 

1 .  The  history  of  development  shows  that  each  bundle  of  stamens  arises  out 
of  a  specially  limited  part  of  the  torus  upon  which  the  staminal  primordia  are  laid 
down. 

2.  The  staminal  primordia  are  laid  down  in  descending  serial  succession,  an 


^  If  we  see  in  a  flower  that  the  primordia  of  the  organs  appear  in  greater  nnmber  where  there  is 
more  room  at  the  vegetative  point  of  the  flower,  this  does  not  necessarily  mean  that  we  can  say 
that  the  relationships  of  space  are  those  conditioning  the  numerical  relationships  ;  just  as  well  can 
we  assume  that  there  is  more  space  provided  where  the  vegetative  point  of  the  flower  is  disposed 
most  to  the  building  of  primordia  of  organs.  All  *  mechanical  *  explanations  are  excluded  in  these 
relationships. 
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arrangement  which  in  *  comparative '  morphology  is  not  permitted  for  the  parts  of  a 
leaf  or  for  the  inception  of  leaves  upon  a  shoot. 

Against  this  I  have  already  shown  ^  that  the  comparison  of  the  different  forms  of 
flower  and  their  development  makes  possible  another  suggestion,  namely,  derivation 
from  a  flower  which  forms  numerous  stamens  in  descending  serial  succession  uniformly 
distributed  on  the  torus*.  Such  forms  are  found  in  the  Hypericaceae.  In  Brathys 
prolifica'  the  torus  forms  five  antipetalous  primordia  separated  from  one  another  by 
depressions,  and  the  stamens  arise  preferably — that  is  to  say  appear  first  of  all— upon 
these  elevations  of  the  flower-axis,  but  not  exclusively  there  for  staminal  formation  also 
takes  place  in  the  depressions  of  the  torus.  Loasaceae  show  like  features.  It  is  not 
necessary  to  regard  these  antipetalous  primordia  as  basipetally  branching  staminal 
primordia  the  branchings  of  which  become  partial  stamens,  but  we  may  recognize  in 
them  merely  areas  of  the  torus  on  which  the  staminal  formation  in  many  Hypericaceae 
is  localized,  especially  in  forms  which  we  may  designate  as  impoverished  when  com- 
pared with  Brathys  where  the  whole  torus  is  still  covered  with  stamens.  In  the  species 
of  Hypericum  in  which  five  such  antipetalous  primordia  are  present  this  method  of 
origin  shows  itself  in  the  perfect  flower  mainly  in  the  assemblage  of  the  stamens  in 
five  groups ;  in  Hypericum  aegyptiacum  the  antipetalous  primordia  grow  out  into  long 
columns.  It  will  be  evident  that  the  two  explanations  differ  in  their  starting-point ; 
the  old  one  proceeds  from  a  pentamerous  androecium ;  the  other  from  a  polymerous 
androecium^  which  breaks  up  into  single  groups — a  segregation  which  is  also 
expressed  at  an  early  time  in  the  parcelling  of  the  torus,  and  is  correlated  with  an 
arrest  of  the  staminal  primordia  lying  between  the  antipetalous  primordia.  It  appears 
to  me  that  this  last  explanation  gives  us  a  better  picture  of  the  facts  ^  and  I  see  no 
reason  why  we  should  not  extend  it  to  the  Loasaceae,  Myrtaceae,  and  other  families. 
Of  course  only  careful  comparison  within  a  cycle  of  afiinity  can  show  in  any  case 
what  explanation  is  the  best. 

Chorisis  of  Stamens.  It  is  indeed  possible  that  in  many  cases  a 
complete  splitting  of  the  staminal  primordia  takes  place,  and  there  are 
certainly  constant  examples  of  an  incomplete  splitting. 

Adoxa.  In  the  lateral  pentamerous  flowers  of  Adoxa,  for  example,  there  are 
apparently  ten  stamens  which  alternate  in  pairs  with  the  petals  and  possess  in  the  ripe 


i  Goebel,  Beitrage  zur  Morphologie  und  Physiologie  des  Blattes,  in  Botanische  2^tung,  xl  (1882), 
p.  578  ;  id.,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbuch  der 
Botanik,  iii  (1884),  p.  302. 

■  See  Part  I,  p.  41. 

•  See  Payer,  Traits  d'organog^nie  compar^e  dc  la  fleur,  Paris,  1857,  p.  8,  pi.  i.  Figs.  19-25. 

^  I  have  searched  recently  many  authors  withont  finding  any  mention  of  this  which  was  published 
in  1882  and  1883. 

*  Schumann,  Beitrage  zur  vergleichenden  Bliithenmorphologie,  in  Pringsheim's  Jahrbiicher,  xviii 
(1887),  p.  151,  says  that  my  explanation  is  not  necessary,  I  agree.  Every  explanation  or  theory  is 
only  of  value  in  so  far  as  it  gives  the  most  scUisfactory  picture  of  the  phenomena  according  to  the  pre- 
sent state  of  our  knowledge.  As  to  the  causes  of  the  parcelling  of  the  torus,  it  appears  to  me 
probable  that  the  trimery  of  the  primordia  of  many  species  of  H3rpericum  is  connected  with  the 
trimery  of  the  carpels,  and  this  relationship  may  be  not  merely  one  of  space  but  differences  of 
physiological  nutrition  may  come  into  consideration. 
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condition  only  unilocular  anthers.  The  history  of  development  shows  that  as  a  matter 
of  fact  we  have  here  a  splitting  of  an  originally  simple  staminal  primordium ' ;  each 
half  develops  certainly  into  a  half  stamen  possessing  one  loculus. 

Malvaceae*  We  know  also  of  other  cases,  for  example  in  the  Malvaceae, 
where  each  single  stamen  splits  likewise  into  halves,  each  bearing  a  unilocular  anther. 

Doubling  of  Stamens.  With  this  we  may  link  on  cases  in  which 
an  actual  doubling,  and  not  a  splitting,  takes  place,  in  so  far  as  the  halves 
become  complete,  each  usually  having  a  bilocular  anther.  According  to 
Payer  we  find  this  in  Phytolacca  and  Rumex. 

Fhytolaooa.  In  Phytolacca  there  appear  at  first  simple  papillae  alternating  with 
the  leaves  of  the  perianth,  and  they  then  divide  into  two  parts  each  of  which  develops 
into  a  complete  stamen,  and  this  process  is  repeated  in  Phytolacca  icosandra  once 
more  in  a  second  staminal  whorl. 

Bmnez.  In  Rumex  where  the  androecium  is  composed  of  six  outer  and  three 
inner  stamens  the  outer  ones  are  derived  in  pairs  from  the  division  of  an  originaUy 
simple  primordium.  We  leave  untouched  the  question  whether  one  could  explain 
this  process  otherwise  in  the  phyledc  sense. 

Double  flowers.  Specially  evident  examples  of  the  multiplication 
of  flower-organs  by  splitting  or  branching  are  supplied  by  double  flowers  *. 
Splitting  or  branching  may  occur  here  in  the  petaline  primordia,  as  in  some 
Onagrarieae  like  Fuchsia,  Clarkia  pulchella,  and  in  the  staminal  primordia, 
as  in  Petunia,  Primula  sinensis,  all  the  Caryophylleae  which  have  been  ex- 
amined, the  Cruciferae.  The  large  number  of  petals  in  '  perfectly  *  doubled 
carnations  is  well  known ;  in  one  not  very  strongly  doubled  flower  I  counted 
forty-eight.  These  are  all,  with  the  exception  of  the  five  normal  petals,  the 
result  of  a  splitting  of  the  ten  staminal  primordia.  This  splitting  takes  place 
in  different  directions,  and  to  a  greater  or  less  d^free.  In  slightly  doubled 
flowers  of  Dianthus  barbatus  for  example,  there  is  no  chorisis — the  outer 
stamens  are  transformed  into  petals,  and  the  others  show  middle  stages 
between  stamens  and  petals ;  but  in  more  fully  doubled  flowers  the  splitting 
takes  place  (Fig.  357). 

It  is  difficult  to  see  why  such  a  process  should  not  also  occur  in  the  '  normal ' 
development  of  the  flower,  and  therefore  the  number  of  the  stamens  be  increased*  We 
usually  assume  a  diminution  of  these.  We  are  always  too  much  inclined  to  reduce 
the  processes  of  configuration  which  occur  in  nature  to  '  single '  schemes,  because 
these  make  easy  for  us  their  orientation  in  the  midst  of  their  manifoldness,  and  we  forget 
that  to  nature,  if  we  may  be  allowed  the  expression,  there  are  offered  many  ways  of 
reaching  one  *  goal '  from  which  she  selects  the  most  practicable  in  the  several  cases. 


>  Payer,  Traiti  d'organog^nic  compart  dc  la  fleur,  Paris,  1857,  p.  414,  pi.  IxxxvL 
•  Sec  Goebel,  Beitriige  zur  Kenntniss  gefiilltcr  Bliithen,  in  Pringshcim's  Jahrbucher,  xvii  (18S6), 
p.  307. 
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Of  this  the  double  flowers  furnish  an  instructive  example.  The  excess  of  the  petals 
in  such  flowers  can  be  reached  in  very  diflferent  ways :  by  transformation  into  petals 
of  the  organs  which  in  the  normal  flower  are  devoted  to  other  purposes,  usually  the 
stamens  or  more  rarely  the  carpels ;  through  splitting  or  branching  of  the  primordia  of 
organs  and  the  petaloid  construction  of  the  new  primordia  which  so  arise ;  by  formation 
of  primordia  of  organs  which  did  not  exist  in  the  normal  flower,  as,  for  example, 
by  the  origin  of  new  whorls  in  cyclic  flowers '.  We  learn  from  these  facts  that  the 
inner  nature  of  the  vegetative  point  of  the  flower  is  proportioned  to  the  formatiqn  of 
organs.  If  the  vegetative  point  is  *  induced'  to  bring  forth  more  petals  than 
usual  it  offers  for  these  the  necessary  conditions  of  development.  It  is  in  it  likewise 
that  the  changes  first  of  all  take  place.  Such  considerations  make  us  from  the  outset 
very  sceptical  regarding  great  mechanical  influences  such  as  have  been  used  frequently 
in  morphology  as  *  explanations.' 


jm  to  the  left:  Dianthus 
ten  statninal  primordia  fork 


lofi.    Bad  of  a  doable  flower  dissected  oat ;  eaJ^  calyx ;  pei^ 


„  Caryophylla  ,    . .     . 

petals.  The  ten  statninal  primordia  fork  and  so  produce  a  great  namber  of  organs  which  develop  as  petals. 
Figare  to  the  right:  Neriom  Oleander.  Bad  of  a  doable  flower  in  transverse  section.  Between  calyx  and 
androednm  there  are  four  pentameroos  coroUine  whorls  instead  of  one. 

Branching  of  the  Carpels.  The  number  of  the  carpels  may  also 
increase  by  branching,  for  example  in  many  Malvaceae.  Payer  found  in 
Kitaibelia  vitifolia  five  carpellary  primordia  ^  out  of  which  by  branching  and 
the  formation  of  false  septa  numerous  monospermous  ovaries  are  developed. 
In  Malva  and  others  the  numerous  carpels  appear  to  be  separated  from  the 
first.  The  process  is  in  any  case  a  rare  one,  and  it  is  undoubtedly  connected 
here  with  the  development  of  the  monospermous  mericarps  in  place  of  the 
capsule.  More  common  is  it  to  find  a  diminution  in  the  number  of  the 
carpels,  as  will  be  pointed  out  below. 

Factors  Determining  Numerical  Relationships  in  the 
Flower.     The  numerical  relationships  in  the  flower  are  in  most  cases 

^  For  examples  see  Goebel,  Beitrage  znr  Keontniss  gefullter  BlUthen,  in  Pringsheim's  Jahrbtlcher, 
xm  (1886),  p.  207.  Compare  also  Fig.  357,  figure  to  the  right.  I  may  specially  note  the  fact 
that  the  primordia  of  petids,  which  in  the  '  normal '  flower  are  arrested,  are  developed  in  double 
flowers;  This  happens,  for  example,  in  Delphinium  which  gives  us  an  illustration  of  the  development 
of  '  latent '  primordia  under  deflnite  stimuli.  The  latent  primordia  are  not,  however,  always  to 
be  traced  to  those  which  formerly  were  developed,  as  is  shown  by  the  behaviour  of  other 
double  flowers. 

*  See  Payer,  Traiti  d'organog^ie  compar^e  de  la  fleur,  Paris,  1857,  p.  35,  pL  viii.  I  have 
convinced  myself  by  examination  of  the  correctness  of  his  figures  of  Kitaibelia  vitifolia. 
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determined  by  '  inner '  causes,  and  in  their  variations  we  cannot  usually  trace 
the  operation  of  outer  factors.  Yet  as  has  been  shown  above  in  the  Rosa- 
ceac  the  number  of  the  stamens  is  often  dependent  upon  relationships  of 
nutrition,  and  the  like  occurs  elsewhere.  Thus  the  first  flowers  of  some 
Caryophylleae  are  hexamerous,  the  following  ones  are  pentamerous;  the 
terminal  flower  of  the  cyme  of  Ruta  graveolens  is  pentamerous,  the  others 
tetramerous;  and  we  find  the  same  thing  in  Lythrum  Salicaria.  The 
carpels  of  Nigella  damascena  furnish  another  example.  Normally,  that  is 
to  say  in  well-nourished  flowers,  they  are  five;  in  later  flowers  they  are 
partly  four  and  partly  three,  and  it  may  be  noted  that  this  last  number  is 
the  normal  one  in  the  allied  genus  Aconitum.  Such  cases  are  interesting 
because  they  lead  us  to  the  conjecture  that  what  in  one  plant  is  directly 
caused  by  external  conditions  is  determined  by  the  internal  economy  of  the 
plant  from  the  beginning  in  another  allied  plant  constructed  after  the  same 
*type.*  Such  cases  will  perhaps  furnish  a  clue  for  our  determining  by- 
further  experimental  research  what  are  the  factors  which  condition  the 
numerical  relationships  in  the  flower. 

(b)      CHANGE   IN   THE  NUMERICAL   RELATIONSHIPS   OF   THE  FLOWER   THROUGH 

CONFLUENCE. 

We  have  dealt  above  with  the  appearance  of  higher  numbers  in  the  leaf- 
whorl.  We  have  now  to  look  at  cases  where  diminution  in  number  of  parts 
takes  place. 

We  refer  here  not  to  the  absence  of  single  leaf-organs  of  the  flower,  but 
to  the  changes  in  the  numerical  relationships  dependent  upon  confluence  of 
parts  which  may  take  place  at  different  stages,  and  there  are  all  transitions  from 
the  separate  inception  of  two  leaf-structures  to  the  appearance  of  one  instead 
of  the  two^a  phenomenon  of  which  we  have  seen  also  examples  amongst  the 
vegetative  organs  ^.  The  phenomenon  is  observed  in  the  calyx,  corolla,  and 
androecium.     It  is  best  known  and  most  easily  proved  in  the  corolla. 

Confluenoe  of  petalB.  The  corolla  of  the  Labiatae  is  composed  of  five 
leaf-organs  which  are  quite  separate  from  one  another  as  primordia.  Of  these  two 
form  the  upper  lip,  three  the  lower  lip.  Those  of  the  upper  lip  become  confluent  at 
a  very  early  period,  so  that  they  appear  as  if  they  were  a  single  leaf*,  and  in  the 
perfect  condition  the  upper  lip  shows  in  consequence  only  a  slight  indentation,  as  in 
Lamium,  or  this  is  scarcely  visible  as  in  Betonica  officinalis.  It  is  possible  that  the 
upper  lip  appears  from  the  beginning  as  one  leaf  in  these  cases ;  this  happens  at  any 


*  See  page  370. 

^  Goebel,  Vergleichende  Entwicklimgsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Botanik,  iii  (1884),  where  I  have  shown  that  this  union  stands  in  connexion  with  the  fact  that  the 
fifth  stamen  (which  falls  opposite  the  upper  lip)  has  entirely  disappeared,  and  that  the  four  other 
stamens  arrange  themselves  into  a  tetramerous  whorl  with  nearly  equal  intervals.  This  would  afifect 
the  construction  of  the  corolla,  that  is  to  say  the  confluence  of  the  two  upper  leaves. 
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rate  in  Veronica  where  in  the  mature  condition,  apart  from  the  presence  of  the  fifth 
sepal  which  is  found  in  many  species^  the  larger  size  of  one  petal  alone  suggests  that 
it  is  to  be  considered  as  replacing  two.  The  upper  lip  of  the  calyx  of  Utricularia  is 
similarly  never  laid  down  in  three  parts';  the  lower  lip  consists  of  two  separate 
primordia.  In  the  nearly  allied  genus  Polypompholyx  the  calyx  is  laid  down  as  five 
primordial :  it  is  evidendy  quite  immaterial  for  the  function  of  the  organs  in  question 
whether  the  original  segmentation  is  abolished  or  not. 

Ck>nfluenoe  of  stamens.  We  find  similar  features  in  the  androecium.  In  the 
Cucurbitaceae,  for  example,  there  are  visible  in  the  male  flower  frequently  three 
stamens,  two  perfect,  that  is  to  say  each  with  four  pollen-sacs,  and  one  a  half-stamen. 


Pig.  358.  Cucarbitaceae.  Androecium.  A^^  Fevillea  trilobata;  male  flower  in  vertical  section,  showing  five 
free  stamens,  each  ^nth  a  bilocular  anther  openmg  independently.  J9,  Thladiantha  dabia ;  male  flower  in  vertical 
section ;  one  stamen  free,  two  others  of  the  five  close  together  as  a  pair.  C,  Sicydiom  ^^racile ;  male  flower  in 
vertical  section  *  one  staminal  pair  visible,  filaments  coherent  below  only.  Z7,  Bryonia  dioica ;  male  flower  in  ver> 
tical  section  ;  tne  filaments  of  this  one  staminal  pair  visible  are  completely  coherent.  B^  the  same  in  transverse 
section  showin?  corolla  and  androecium.  F^  Sechiom  ednle :  male  flower  in  vertical  section :  five  stamens  con- 
crescent  G^  Cyclanthera  pedata ;  synandrium  in  profile.  H^  the  same  in  vertical  section.  After  E.  G.  O.  MOUer 
and  Pax  from  Flora  Brasiliensis. 

Comparative  consideration  shows  that  in  this  family,  starting  from  an  androecium  com- 
posed of  five  half-stamens  such  as  is  found  in  Fevillea  (Fig.  358,  .^) ;  there  are  in  Thladi- 
antha (Fig.  358,^)  four  stamens  approached  in  pairs ;  in  Sicydium  (358,  C)  the  filaments 
of  these  pairs  are  confluent  with  one  another  to  a  greater  or  less  extent,  in  Bryonia 
the  anthers  only  are  still  free  (Fig.  358,  D);  in  the  majority  of  the  Cucurbitaceae  the 
anthers  also  are  confluent ;  in  forms  like  Sechium  (Fig.  358,  F)  the  confluence 
involves  the  whole  five  stamens,  but  the  anthers  are  separated  from  one  another;  in 
Cyclanthera  (Fig.  358,  G,  H)  there  is  in  the  middle  of  the  flower  a  structure  provided 
with  two  poUen-sacs  which  runs  right  round  it  and  which  shows  ontogenetically  no 
longer  any  trace  whatever  to  indicate  that  it  takes  the  place  of  five  stamens  which  are 


^  See  Buchenau,  Morphologische  Studien  an  deutschen  Lentibularieen,  in  Botanische  Zeitnng, 
xxiU  (1865),  p.  94. 

'  See  F.  X.  Lang,  Untersnchongen  fiber  Morphologie,  Anatomie  nnd  Samenentwicklung  yon  Poly- 
pompholyx nnd  Byblis  gigantea,  in  Flora,  Ixxxviii  (1901),  p.  167. 
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confluent  with  one  another.  This  example  is  of  interest  on  different  grounds,  for  the 
problem  takes  its  first  start  in  the  establishment  of  such  a  series.  Those  who  main- 
tain that  all  'morphological'  characters  are  adaptations  find  in  the  flower  of  the 
Cucurbitaceae  'hie  Rhodus,  hie  salta' !  To  those  who  like  myself  do  not  share  this 
view  the  question  arises  whether  there  is  any  other  causal  foctor  for  the  special 
confluence.  Researches  in  the  comparative  history  of  its  development  from  this 
standpoint  are  unknown  to  me,  but  it  appears  to  be  probable  that  the  trimery  of  the 
stamens  produced  here  by  confluence  has  a  relationship  to  the  trimery  of  the  carpels, 
whose  rudiments  are  visible  in  the  male  flower  and  reach  a  considerable  size  in 
the  mature  flower  of  Cucurbita.  A  process  analogous  with  that  which  has  been 
described  in  the  Cucurbitaceae  is  found  likewise  in  Hypecoum  \  I  need  hardly  recall 
that  this  process  of  concrescence  may  come  about  in  different  ways^  We  may  find 
staminal  primordia,  for  example,  so  closely  pressed  together  that  they  appear  as 
a  single  primordium  (Part  I,  Fig.  22,  III)  and  then  in  later  stages  grow  out  separate. 
Celakovsk^  has  lately  designated  this  process  'negative  chorisis' — a  somewhat 
unhappy  term. 

{c)      SUPPRESSION   OF  THE  ELONGATION   OF  THE  TORUS. 

It  is  in  consequence  of  this  that  we  so  often  find  a  cyclic  arrangement 
in  the  flowers  of  plants  which  have  alternate  phyllotaxy  on  the  v^etative 
shoots.  As  the  single  leaves  which  compose,  for  example,  the  corolla  dis- 
charge their  function  together,  their  synchronous  origin  is  easily  understand- 
able; on  the  other  hand,  it  will  be  a  distinct  advantage  to  the  vegetative  shoot 
that  the  foliage-leaves  unfold  in  a  gradual  serial  succession,  and  with  this 
their  spiral  arrangement  is  consonant  The  alternation  of  the  foliage-leaves 
secures  their  efficient  disposition  without  overlapping  ^  but  this  consideration 
does  not  count  in  the  leaves  of  the  flower  which  do  not  assimilate,  and  we 
find  that  the  alternation  of  whorls  is  not  always  retained.  It  is  a  matter 
therefore  of  no  moment  whether  superposition,  for  instance  of  the  stamens 
and  petals  of  the  Primulaceae,  is  phyletic  and  brought  about  by  the  arrest 
of  a  previously  existing  leaf-whorl,  or  is  primitive.  We  can  only  assert  that 
the  relationships  are  of  a  kind  other  than  those  of  the  v^etative  shoot. 

If  comparative  morphology  makes  the  assumption  in  the  case  of  the  Primulaceae 
— ^and  indeed  correcdy — that  the  position  of  the  stamens  opposite  the  petals  is 
'  explained '  by  the  abortion  of  an  altemipetalous  staminal  whorl,  only  the  historical 
side  of  the  question  is  kept  in  view.  From  the  standpoint  of  what  has  been  said 
above  such  a  superposition  requires  no  explanation  if  the  space-relationships  in  the 
vegetative  point  of  the  flower  are  favourable  to  it      It  is  from  the  point  of  view  of 


*  See  Payer,  Traits  d*organog^Die  compart  de  la  fleur,  Paris,  1857,  p.  339 ;  Eichler,  Cber 
den  Bluthenbau  der  Fumariaceae,  Cracifereen  und  einiger  Capparideen,  in  Flora,  zlviii  (1865), 

p.  433. 
'  See  the  scheme,  Part  I,  p.  53,  Fig.  33. 

*  The  unfolding  of  a  whole  leaf-whorl  when  the  leaves  are  of  equal  size  makes  a  greater  demand 
upon  the  root-system  than  does  a  single  leaf,  and  we  have  already  seen  that  the  shoot-axis  must 
stretch  out  in  order  to  avoid  the  shading  of  one  leaf  by  the  other.    See  p.  443. 
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efficiency  quite  as  correct  as  is  the  alteraation  of  the  whorls.  Schumann '  has  pointed 
out  that  such  a  superposition  of  stamens  and  petals  is  found  in  particular  if  the  petals 
are  very  small '  and  their  development  remains  behind  at  first  that  of  the  stamens,  a 
phenomenon  which  is  paftially  responsible  for  the  earlier  view  that  the  petak  of 
Primula  arise  as  dorsal  outgrowths  of  the  stamens — a  view  which  nowadays  hardly 
finds  a  supporter. 

{d)      LIMITED  GROWTH  OF  THE  TORUS. 

Two  special  features  of  the  flower  are  connected  with  this  *  : — 
I.  The  fact  that  in  the  flower  terminal  leaves  are  not  uncommon, 
a.  The  serial  succession  of  the  parts  of  the  flower  not  infrequently 
deviates  from  the  acropetal  succession  of  the  v^etative  shoot. 


I^G.  350.    Acer  Paeodoplatanat.     Flower-bods  diMected  and  seen  from  above.     I,  bicarpellary. 
PcU^Lry ;  jm,  petals,    i,  earliest  formed  stamens ;  3,  interposed  stamens.    Mag^nified. 


II,  tricar- 


{a)  Terminal  flower-leaves.  These  arise  if  the  vegetative  point  which  is  the 
embryonal  region  of  the  shoot  is  entirely  used  up  in  the  formation  of  leaves.  It  is 
easy  to  understand  that  this  may  readily  occur  in  a  shoot  of  limited  growth.  Many 
leaves  may  share  in  a  certain  proportion  in  the  vegetative  point,  or  only  one  may 
be  produced.  The  process  in  each  case  is  essentially  the  same.  The  former  is 
fiiequent  in  the  formation  of  the  gynaeceum,  and  this  is  a  matter  of  importance  for 
the  *  explanation '  of  the  ovary  *.  Acer  furnishes  an  example  (Fig.  359).  The  car- 
pels in  Acer  form  the  termination  of  the  flower-bud.  Whether  there  be  two  or  three 
carpels  the  whole  area  of  the  vegetative  point  ofthejlawer  is  used  up  by  these ^  and  what 
holds  for  two  or  three  leaves  is  likewise  true  in  other  cases  for  one.  In  this  narrower 
sense  single  stamens  or  carpels  are  terminal  on  the  flower-axis,  and  we  have  such 
stamens  in  Callitriche,  Casuarina,  Najas,  and  such  carpels  in  Typha  and  elsewhere. 


^  Schumann,  Nene  Untersachnngen  iiber  den  Bliithenanschlnss,  Leipzig,  1890,  p.  479. 
'  In  Urticaceae  and  elsewhere  other  relationships  have  to  be  considered. 
»  See  Part  I,  p.  41. 

^  See  Goebel,  Zur  Entwicklnngsgeschichte  des  unterstandigen  Frachtknotens,  in  Botanische  Zeitnng, 
xUv  (1886). 
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{d)  BaBipetal  suooession  of  flower-leaTes.  The  general  rule  for  the  succes- 
sion or  origin  of  lateral  organs  is  that  they  appear  in  progressive  serial  succession  \ 
that  is  to  say  the  youngest  stand  next  the  embryonal  region  whether  this  lies  next  to 
the  apex  or  elsewhere.  It  has  been  already  shown*  that*  in  organs  of  limited  grcwih 
the  apex  often  takes  precedence  in  the  development  whilst  zones  lower  down  continue 
to  bring  forth  new  formations.  This  is  frequently  seen  in  the  flow^ '.  The  stamens 
in  particular  arise  frequently  in  descending  progressive  series,  for  example  in  the 
Cistineae  (Fig.  369),  Malvaceae,  and  others.  This  is  also  the  case  with  the  hook-like 
structures  upon  the  outer  side  of  the  calyx  of  Agrimonia.  It  is  also  frequent  in  the 
case  of  the  ovules.  Nowhere  do  we  know  what  the  biological  relationship  of  this 
order  is. 

(<r)      DORSIVENTRALITY. 

A  deviation  in  the  succession  of  origin  of  the  parts  of  the  flower  is 
found  in  many  dorsiventral  flowers  * — repeated  also  in  many  inflorescences 
— and  in  particular  in  those  in  which  the  dorsiventrality  expresses 
itself  in  a  conformation  of  the  vegetative  point  different  from  the 
ordinary  radial  one,  which  is  uniform  on  all  sides  before  the  primordia  of 
the  leaf-structures  appear,  and  upon  which  the  primordia  of  the  organs  arise 
upon  all  sides  in  progressive  series  towards  the  apex.  One  side  of  the 
vegetative  point  of  the  flower  is  furthered — either  the  side  next  the  chief 
axis,  as  in  Reseda,  or  the  side  farther  away  from  this — there  is  a  sym- 
metric configuration^. 

Beseda.  In  Reseda  the  side  of  the  vegetative  point  that  is  turned  towards  the 
inflorescence-axis  is  higher  than  that  which  is  turned  away  from  it,  and  the  develop- 
ment of  the  sepals  and  petals  corresponds  to  this  construction  •.  The  first  sepal 
appears  upon  the  side  next  the  inflorescence-axis,  and  then  in  progression  anteriorly 
the  subsequent  sepaline  primordia.  The  petals  and  stamens  follow  suit,  and  the  first 
stamen  is  showing  before  all  the  petals  are  formed. 

Lentibnlarieae.  This  method  of  development  is  known  also  in  the  Lenti- 
bularieae  ^.  Before  the  appearance  of  the  leaf-organs  a  furthering  occurs  of  one  side 
of  the  vegetative  point,  and  upon  this  side  in  Pinguicula  vulgaris  the  sepals,  petals, 
and  stamens  first  appear  before  the  sepaline  primordia  are  visible  on  the  other  side. 
In  Utricularia  also  the  upper  part  of  the  corolla  arises  only  after  the  inception  of  the 

^  This  expression  is  more  comprehensive  than  that  of  the  <  acropetal  *  and  '  basipetal '  origin.  See 
Goebel,  t)ber  die  Verzweignng  dorsiventraler  Sprosse,  in  Arbeiten  des  botanischen  Institnts  in  Wtirz- 
bnrg,  ii  (1883).    De  Bary  has  also  used  it  in  connexion  with  the  Fungi. 

*  See  p.  330,  also  Part  I,  p.  41. 

'  Without,  however,  our  being  able  to  discover  teleological  connexions  as  can  be  done  in  the  case 
of  the  foliage-leaves. 

*  The  phenomenon  is  also  repeated  in  many  inflorescences.    See  Goebel,  op.  cit 

'  In  the  case  of  dorsiventral  inflorescences  also  the  dorsiventrality  appears  in  the  conformatiom  of 
the  vegetative  pointy  and  this  is  a  fact  of  great  importance  in  all  attempts  to  give  an  explanation. 

*  See  Payer,  Trait^  d*organog^nie  compart  de  la  fleur,  p.  193,  pi.  xxxix ;  Goebel,  Beitrage  zur 
Morphologic  und  Physiologic  des  Blattes,  in  Botanischc  Zeitung,  xl  (i88a),  p.  388. 

'  See  Buchenan,  Morphologische  Studien  an  deutschen  Lentibularieen,  in  Botanischc  Zeitnng, 
xxiii  (1865). 
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stamens  which  are  two  in  number  and  are  formed  upon  the  favoured  side  of 
the  axis. 

Papilionaoeae.  A  similar  symmetrical  succession  of  development  is  found  in 
the  flower  of  the  Papilionaceae  ^,  only  the  progression  is  towards  the  posterior  side, 
that  is  to  say  towards  the  inflorescence-axis. 

There  is  in  these  cases  only  an  unequally-sided  development  by  which  the  lower 
standing  flower-whorls  always  arise  earlier  than  those  which  stand  higher,  yet  there 
may  well  be  exceptions  to  this  behaviour. 

That  the  succession  of  development  of  the  leaf-organs  in  these  dorsiventral 
flowers  has  been  derived  from  that  in  radial  flowers  is  probable  for  more  than  one 
reason ' ;  on  the  other  hand,  the  method  in  which  the  deviation  has  come  about  is  not 
at  all  clear.  Payer's  investigations  show  that  there  are  attempts  at  unequal-sided 
development  even  in  radial  flowers'. 

Craoiferae.  The  Cruciferae,  for  example,  have  two  dimerous  calyx-whorls, 
one  median  and  one  transverse.  In  many,  for  example  Cochlearia,  the  median 
appears  first — its  sepals  synchronously — in  consequence  of  the  radial  construction 
of  the  flower,  and  then  the  transverse.  In  Cheiranthus,  on  the  other  hand,  the 
anterior  (outer)  leaf  of  the  first  whorl  arises  first,  and  then  two  transverse  ones,  and 
last  the  posterior  leaf  of  the  first  whorl.  Such  deviations  may  be  connected  with, 
to  speak  teleologically,  the  great  need  for  protection  of  the  flower-bud  upon  the 
outer  side,  but  more  accurate  investigation  will  perhaps  show  why  Cochlearia  differs 
in  this  relation  from  Cheiranthus.  The  diff'erence  is  not  one  of  habitat  but  the  whole 
behaviour  of  the  inflorescence  to  the  rest  of  the  plant  must  be  considered. 

It  IS  possible  that  these  relationships  have  given  the  occasion  for  the 
construction  of  the  dorsiventral  flower  as  we  find  it  in  Resedaceae  and  the 
Papilionaceae.  Another  possibility  is  that,  as  we  have  already  said,  these 
flowers  which  are  dorsiventral  from  the  first  have  been  derived  from  those 
which  are  only  dorsiventral  after  unfolding  *.  Whether  now  the  two  kinds 
of  dorsiventral  flowers  have  arisen  in  different  ways  or  not  we  may  at  any 
rate  see  that  the  dorsiventral  construction  of  the  flower  has  set  in  in  different 
developmental  stages.  In  Hyoscyamus,  for  example,  the  calyx,  corolla,  and 
androecium  are  laid  down  as  in  a  radial  flower  *,  only  after  this  does  the 
extension  of  the  torus  begin  which  brings  about  the  oblique  insertion  of  the 


*  Sec  Payer,  Traits  d*organog^nie  compart  de  la  fleur,  p.  517;  Hofineister,  Allgemdne 
Morphologie  der  Gewachse,  p.  464 ;  Frank,  tJber  die  Entwicklnng  einiger  Bliithen,  mit  besonderer 
Beriicksichtigang  der  Theorie  der  Interponiriog,  in  Pringsheim's  Jahrbiicher,  x  (1876),  p.  205. 

*  Sec  Part  I,  p.  ia8. 

'  For  example  in  the  development  of  the  calyx  of  Symphoricarpas.  Payer,  op.  cit.,  p.  617. 
According  to  Payer's  figures,  Plate  cxxviii,  Figs.  3, 4, 5,  which  are  opposed  to  what  he  says  in  the  text,  the 
serial  succession  starts  from  the  sepal  over  against  the  bract,  and  then  proceeds  laterally.  Bnchenan 
gives  a  like  account  of  the  involucre  of  Lagascea.  Further,  in  species  of  Begonia,  for  example 
Begonia  xanthina.  Hooker  (see  in  Hofmeister,  AUgemeine  Morphologie  der  Gewachse,  Fig.  87),  the 
staminal  primordia  appear  earlier  upon  one  side  of  the  flower-axis  than  upon  the  other,  but  here 
the  vegetative  point  of  the  flower  is  not  uniform  all  round. 

*  See  Part  I,  p.  ia8. 

'  Schumann,  Nene  Untersuchungen  iiber  den  Bliithenanschluss,  Leipzig,  1890,  p.  317. 
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carpels  to  the  median  plane  of  the  flower,  and  the  other  changes  in  the  flower- 
construction  set  in. 

Schwendener  ^  has  conjectured  that  the  oblique  position  of  the  flowers  in 
the  Solanaceae  depends  upon  relationships  of  pressure.  The  flower-shoot, 
///,  in  Fig.  296,  for  example,  is  exposed  at  the  time  of  the  inception  of  the 
carpels  to  the  pressure  of  the  leaves  marked  Viii  and  7///,  because  these 
are  inserted  at  the  same  height.  These  behave  like  one  leaf^  and  the  plane 
of  symmetry  undergoes  on  account  of  the  pressure  a  torsion  which  brings 
it  nearer  to  the  median  of  this  one  leaf  ^.  The  history  of  development  of 
Atropa  showed  me  nothing  in  support  of  Schwendener  s  hypothesis.  The 
position  of  the  carpels  stands  indeed  in  the  nearest  relationship  to  the 
whole  symmetry  of  the  inflorescence,  but  is  certainly  not  aflected  by 
pressure.  Such  pressure  would  at  first  make  itself  felt  upon  the  calyx ;  but 
it  is  laid  down  as  in  radial  flowers  ^;  The  first  sepal  (in  Fig.  296,  ///,  that 
turned  upwards)  falls  upon  the  outside  and  appears  then  in  the  widest  gap, 
where  therefore  the  protective  need  of  the  flower-bud  is  the  greatest.  The 
factors  which  condition  its  appearance  in  this  place  we  do  not  know  *.  We 
can  only  see  that  it  is  of  advantage  that  the  protection  of  the  bud  begins  on 
the  most  exposed  side.  A  plane  through  the  middle  of  this  first  sepal  and 
the  centre  of  the  flower-bud  marks  the  median  plane  of  the  carpels.  The 
whole  of  the  median  planes  of  the  flowers  of  an  inflorescence  fall  in  this 
direction  if  one  considers  them  as  vertical.  The  flowers  are  intrinsically 
all  dorsiventral,  but  in  the  whole  of  them  the  dorsiventrality  is  not  clearly 
seen  apart  from  the  oblique  position  of  the  carpels.  In  the  construction  of 
the  flower  in  this  sympodial  inflorescence  the  outer  side  is  differently 
organized  from  the  inner  side*^. 

We  may  say  in  general  that  in  flowers  which  are  laid  down  dorsi- 
ventrally  the  succession  of  origin  which  deviates  from  the  radial^  and  the 
arrangement  of  the  leaf-organs,  depends  upon  an  earlier  or  later  setting 
in  of  the  change  of  configuration  of  the  vegetative  point,  but  we  do  not 
know  why  a  furthering  of  the  outer  side  or  of  the  inner  side  begins.  One 
might  indeed  be  inclined  to  assume®  that  those  leaf-structures  in  the  flower 
which  attain  the  most  conspicuous  size  are  most  furthered  in  the  time  of 
their  appearance.  This  may  well  be  the  case  in  for  example  the  calyx 
of  the  Papilionaceae,  as  well   as  in  the  corolla  and  the  Misk'  in  the 


^  See  Schwendener,  Mechanische  Theorie  der  Blattstellnng,  Leipzig^  1878,  p.  134. 

*  Otherwise  the  plane  of  symmetry  of  the  carpels  falls  in  with  that  of  the  bract. 

'  See  also  Schumann,  Neae  Untersachnngen  iiber  den  Bliithenanschlnss,  Leipzig,  1890,  p.  315. 

*  The  mmxerons  other  cases  in  which  a  mechanical  inflnence  has  been  assumed  are  quite  analogous. 
Fig.  396  shows  also  that  the  first  sepal  does  not  fall  over  the  median  between  Vin  and  Tin  but 
is  nearer  Tin  and  over  the  median  between  this  leaf  and  the  flower  /. 

'  In  this  the  dorsiventral  flowers  of  the  Solanaceae  conform  with  those  of  other  plants,  but  in  other 
plants  the  outer  side  is  mostly  marked  by  the  bract 

*  As  has  been  stated  in  the  case  of  the  vegetative  organs.    See  pp.  305  and  364. 
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Resedaceae— the  calyx  of  the  Resedaceae  is  more  strongly  developed  in  the 
mature  condition  upon  the  outer  side  than  upon  the  inner  side. 

We  arrive  therefore  at  two  conclusions : — 

{a)  the  furthered  organs  are  laid  down  earliest ; 

[b)  after  the  inception  an  unequally  strong  construction  may  ensue 
even  within  the  leaves  of  one  whorl  ^. 

The  anatomioal  method  in  flower-morphology.  It  hardly  needs  to  be 
pointed  out  that  where  there  is  limited  growth  of  the  flower-axis,  the  distinction 
between  what  is  axis  and  what  is  flower-leaf  is  much  more  difiicult  than  in 
vegetative  shoots.  We  shall  recur  to  this*  point  later,  but  here  I  would  only 
comment  upon  an  aid  which  has  been  used  frequently  in  the  solution  of  this  and  all 
other  questions  of  flower-morphology.  The  so-called  '  anatomical  method '  is  based 
upon  the  claim '  that  it  can  say  better  than  anything  else  what  is  an  axis  and  what  is 
a  leaf.  The  axis  is  quite  generally  radial,  the  leaf  has  a  dorsiventrally  arranged  vascular 
bundle-system.  That  this  behaviour  is  as  little  constant  as  other  marks  has  long  been 
proved.  Dorsiventral  shoot-axes  have  the  dorsiventrality  abundantly  expressed  in  the 
arrangement  of  their  vascular  bundles,  for  example  the  inflorescences  of  Urtica  dioica '. 
The  phylloclades  of  some  Asparagineae  show  this  also  very  strikingly  and  the 
anatomical  method  has  consequently  declared  them  to  be  leaves  in  opposition  to  the 
facts  which  are  as  clear  as  day  1  It  is  nothing  less  than  the  old  idealistic  morphology 
in  anatomical  dress  which  asserts  that  the  distribution  of  the  vascular  bundles  as  it 
occurs  in  radial  vegetative  shoots  and  assimilating  leaves  must  also  be  found  in  the 
flowers.  Where  the  axis  stops  its  growth  and  its  further  development  this  fact  will  be 
expressed  in  its  completed  anatomical  structure,  and  the  formation  of  the  conducting 
bundles  will  gradually  recede  in  the  leaves  which  are  remaining  rudimentary  and  will 
finaUy  entirely  cease.  In  such  cases  the  anatomical  method  is  useless.  It  has  the  ad- 
vantage of  easy  handling  and  of  course  its  results  must  be  considered.  But  these  can 
never  be  regarded  alone  as  critical  and  as  determining  interpretations  within  the  flower. 
They  are  in  their  nature  essentially  of  less  importance  than  are  those  which  are  ob- 
tained by  the  comparative  history  of  development.  If  Payer  and  other  phyletic 
researchers  have  come  to  untenable  results  regarding  the  formation  of  the  placenta 
through  their  investigations  by  the  comparative  historical  method,  these  were  not  due  to 
faults  in  the  method  but  rather  to  the  omission  of  one  weighty  consideration  from  their 
survey,  namely,  that  of  *  what  area  of  the  torus — that  is  to  say  of  the  vegetative  point 
— the  carpels  occupy  at  the  time  of  their  appearance  *.'      Payer's  investigations  gave 


^  It  is  to  be  noted  that  the  unilateral  inception  of  leaf-organs  at  the  vegetative  point  is  not 
Umited  to  the  flower-region.  It  takes  place  also  in  the  vegetative  shoots,  in  which,  however,  it  has 
been  much  less  considered.  See,  for  example,  Ganong,  Beitrage  znr  Kenntniss  der  Morphologie  und 
Biologic  der  Cacteen,  in  Flora,  Ixxix  (Erganznngsband  zum  Jahrgang  1894),  p.  52.  The  comparison 
of  this  vegetative  shoot,  which  is  laid  down  dorsiventrally,  with  the  dorsiventral  flowers  is  all  the  more 
apt,  inasmuch  as  there  can  be  no  doubt  that  they  are  both  derived  from  originally  radial  shoots. 

'  See  Van  Tieghem,  Recherches  sur  la  structure  dn  pistil,  in  Annales  des  sciences  naturelles,  serie  5, 
U  (1868). 

'  See  Goebel,  Uber  die  Verzweigung  dorsiventraler  Sprossen,  in  Arbeiten  des  botanischen  Institnts 
in  WUrzbnrg,  ii  (i88a),  p.  430. 

*  Goebel,  Zur  Entwicklmigsgeschichte  des  unterstandigen  Fruchtknotcns,  m  Botanische  Zeitung,  xliv 
coBBEL  II  N  n 
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frequently  no  ground  for  a  conclusion  upon  this  point,  and  consequently  the  distinc- 
tion between  the  share  of  leaf  and  axis  in  the  construction  was  not  correctly  expressed. 
The  history  of  development  when  more  accurately  used  leads  to  results  which  conform 
with  those  which  have  been  obtained  in  other  ways,  as  will  be  pointed  out  more  iiilly 
when  the  development  of  the  ovary  is  considered. 

(a)  Concrescence  in  Parts  of  the  Flower. 
Concrescences  are  frequent  in  flowers,  both  of  flower-leaf  with  flower- 
leaf  and  with  flower-axis.    The  cases  of  confluence  which  were  discussed 
above  ^  may  be  reckoned  here,  but  we  shall  only  speak  of  the  cases  in  cyclic 
flowers  where  all  the  members  are  concrescent  with  one  another  or  with 
the  other  members.    It  only  rarely  happens  that  there  is  an  actual  con- 
crescence or  growing  together — the  latter,  for  example,  in  the  anthers  of  the 
Compositae.     More  commonly  the  concrescence  is  *  congenital.*      What 
takes  place  has  been  already  explained  2,  and  one  need  only  repeat  that  the 
concrescence  occurs  in  diffierent  degrees.     We  may  regard  as  the  original 
condition  that  in  which  there  is  no  concrescence  and  the  several  neighbouring 
primordia  of  leaves  develop  free  from  one  another.      A  concrescence  begins 
if  they  are  raised  upon  a  common  usually  annular  base.    The  last  stage 
is  that  where,  for  example  in  the  corolla  of  Cucurbita,  the  single  primordia 
are  no  longer  separate.     It  has  been  a  matter  of  dispute  with  regard  to  the 
concrescence  of  the  leaf-whorls  in  many  cyclic  flowers  how  far  the  flower- 
axis  shares  in  the  construction.     I  may  therefore  here  recall  that  the 
differentiation  of  leaf  and  axis  is  usually  not  prominent  in  the  flower ;  it 
would  therefore  be  incorrect  to  apply  a  scheme  derived  from  the  vegetative 
organs  to  the  interpretation  of  the  flowers  and  to  imagine  that  axis  and  leaf 
must  be  separated  sharply  in  the  flower,  and  that  one  must  accurately 
recognize  what  belongs  to  the  one  and  what  belongs  to  the  other.    This 
will  be  illustrated  below,  especially  when  speaking  of  the  formation  of  the 
ovary,    iierc  I  may  only  remark  that  one  can  the  more  speak  of  the  axis 
sharing  in  the  concrescence  of  different  leaf-whorls  with  one  another  the 
earlier  this  takes  place. 

(3)  Arrests. 
A  flower  may  be  reduced  to  a  simple  sporophyll  terminal  on  the  flower- 
axis  ^,  and  in  every  large  cycle  of  affinity  we  find  the  numerical  relationships 
changed  by  arrests,  especially  in  the  stamina!  whorl  in  which  there  is  no 
lack  of  transitions  from  complete  construction  to  abortion.  The  series 
which  have  been  constructed  regarding  flower-formation  in  the  Angiosperms 
are  exclusively  reduction-series*.     Here  a  few  examples  will  be  given  of 

(1886).    See  also  the  detailed  work  of  my  pnpil  Schaefer,  Beitrage  zar  Eotwicklnngsgeschichte  des 
Frnchtknotens  und  der  Placenta,  in  Flo^^  Ixxiii  (18^),  p.  6a. 

*  See  p.  538.  "  See  Part  I,  p.  5a.  »  See  Part  I,  p.  52. 

*  See  Part  I,  p.  60.    See  in  particular  Celakovsk^,  Das  Rednctionsgeiets  der  Bliithen,  das  DMoii- 
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the  more  or  less  probable  reductions  which  can  only  be  r^arded  as  correct 
if  we  can  give  biological  reasons  far  the  reduction  ^  Hitherto  botanists  have 
limited  themselves  almost  exclusively  to  the  purely  formal  side.  If  we  put 
on  one  side  the  causal  standpoint  into  which  it  is  quite  impossible  to  enter, 
there  remains  the  biologiccU,  that  is  to  say,  the  question  of  the  connexion  of 
the  arrests  with  the  function  of  the  flower,  and  without  doubt  this  is  a  very 
complex  one.  We  are  concerned  with  not  only  the  number  of  the  stamens, 
but  also  with  that  of  the  microspores  and  the  relation  of  the  number  of  these 
to  that  of  the  ovules  in  which  fertilization  is  to  be  effected  as  well  as  to  the 
method  in  which  pollination  is  carried  out.  We  have  tried  to  show  when 
speaking  of  the  Pteridophyta  that  the  number  of  the  archegonia  is  the 
smaller  the  more  the  fertilization  appears  to  be  secured.  A  similar  relation- 
ship can  certainly  be  often  proved  in  the  flowers  of  the  Spermophyta. 

In  the  anemophilous  flowers  of  Monocotyledones  the  number  of  the 
stamens  is  specially  reduced  in  those  which  have  by  reduction  only  one 
ovule  in  the  ovary,  for  example  most  Granrineae  and  Cyperaceae.  The 
case  of  the  Irideae  where  there  are  numerous  ovules  in  the  ovary,  and  one 
staminal  whorl  is  arrested,  cannot  be  brought  forward  against  this  connexion 
for  there  quite  other  relationships  have  to  be  considered — ^the  whole  flower 
is  specialized  and  adapted  preferably  to  definite  insect-visitations,  the  pollina- 
tion is  also  made  certain,  and  the  formation  of  the  inner  staminal  whorl 
would  be  superfluous  in  view  of  the  wliole  scheme  of  the  flower.  The  same 
holds  for  the  Orchideac  and  others.  Flowers  which  are  less  sharply  adapted 
to  special  insect-visitors  have  more  stamens  than  the  specialized  ones. 

Amongst  the  Dicotyledones  a  comparison  of  the  flower  of  Eschscholtzia 
with  that  of  the  Cruciferae  may  be  made  in  order  to  illustrate  the  numerical 
relationships  of  the  stamens  just  spoken  of.  In  Eschscholtzia  there  are 
numerous  stamens ;  in  the  Cruciferae  there  are  only  six ;  similar  relation- 
ships of  position  obtain  in  both  cases.  The  Papaveraceae,  to  which 
Eschscholtzia  belongs,  have  pollen-flowers.  .  The  number  of  the  stamens 
is  therefore  caeteris  paribus  easily  understandable  because  the  pollen- 
production  will  be  all  the  greater  the  more  stamens  there  are.  The  flowers 
of  the  Cruciferae  on  the  other  hand  have  honey-glands,  and  as  they  do 
not  require  to  furnish  pollen  to  the  insect  they  produce  less  pollen  than 
Eschscholtzia.  This  relationship  is  clear ;  whether  it  is  phyletic  or  not  we 
cannot  say  *.    We  should  have  ground  for  such  an  assumption  in  r^jard 


blement  imd  die  Obdiplottemonie,  in  Sitznngiberichte  der  koniglich  bohmischen  Geselltchaft  der 

WissenscfaafteD,  1894. 
^  This  it  a  subject  which  the  text-books  of  flower-morphology  say  nothing  about 
'  Cruciferae  with  more  than  six  stamens  are  known,  for  example  Megacarpaea,  and  there  are 

some  which  have  less  than  six.    The  biological  behaviour,  especially  in  the  first  case,  is  unknown. 

Perhaps  they  are  in  part  pollen-flowers.      In  the  Fumariaceae  we  can  directly  prove  the  reduction  of 

the  ovules,  and  following  upon  this  is  the  probability  of  a  reduction  in  the  androecium.    See  Goebel, 
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to  it  if  we  could  establish  the  probability  that  the  forefathers  of  the 
Cruciferae  had  pollen-flowers,  and  then  along  with  reduction  of  the 
staminal  whorl  passed  over  to  the  formation  of  honey-flowers.  Such  an 
assumption  will  offer  no  difficulty  to  those  who  can  see  that  nectaries  simply 
arise  through  the  prodding  of  the  insects  into  the  flower.  These,  however, 
are  mere  fancies  which  we  leave  out  of  consideration  ^ 

In  the  simple  formal  construction  of  arrests  we  must  not  rely  upon 
reductions,  we  have  rather  to  seek  to  prove  on  the  basis  of  biological 
relationships  the  reductions  which  are  assumed  in  consequence  of  the 
morphological  evidence.  For  this  at  present  there  are  only  small  data. 
In  general  too  we  have  a  somewhat  safe  basis  for  the  assumptioii  of  arrest 
only  within  families;  the  more  we  go  beyond  these  the  more  insecure 
becomes  the  ground  for  this. 

Phenomena  of  reduction  are  abundant  in  the  gynaeceum,  and  this  has 
been  already  pointed  out,  and  it  has  been  shown  ^  that  the  object,  namely 
the  diminution  in  the  number  of  the  ovules,  is  partly  brought  about  by  the 
diminution  in  the  number  of  carpels,  partly  by  that  of  the  ovules  themselves; 
in  many  cases  both  phenomena  appear  together. 

B.    INDIVIDUAL  ORGANS  OF  THE  FLOWER. 

In  what  follows  the  several  organs  of  the  flower  will  be  shortly  considered, 
all  details  which  can  be  read  of  in  systematic  works  being  omitted. 

(i)  The  Flower-envelopes. 

The  conformation  and  biological  significance  of  the  flower-envelope 
are  supposed  to  be  familiar.  So  far  as  we  know  the  biologpical  sigjnificance 
of  the  envelope  is  of  a  double  character: — 

{a)  it  protects  the  flower  in  the  bud-stage  ^ ; 

{b)  it  secures  pollination. 

The  strengthening  which  the  flower-envelope  frequently  receives  through 
an  cpicalyx,  envelope  of  hypsophylls,  and  so  forth,  will  be  left  untouched 
upon.    A  few  points  only  require  notice : — 

(a)      MORPHOLOGICAL  SIGNIFICANCE   OF  THE   FLOWER-ENVELOPES. 

The  question  of  the  origin  of  the  parts  of  the  flower-envelope  has 
exercised  botanists  from  early  times.    When  we  proceed  from  the  flowers 


Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbnch  der  BoUnik, 
iii  (1884),  p.  a  1 8. 

^  The  case  would  be  different  if  it  could  be  shown  that  such  glands  in  any  one  case  developed 
more  in  consequence  of  mechanical  stimulus  than  without  the  stimulus,  but  such  a  case  is  at  present 
unknown. 

'  Part  I,  p.  58. 

'  See  Ra£iborski,  Die  Schutzvorrichtungen  der  Bliithenknospen,  in  Flora,  Ixxxi  (Erganzungs* 
band  zum  Jahrgang  1895). 
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of  the  Pteridophyta  and  many  Gymnospermae  which  have  no  special  flower- 
envelope,  there  are  evidently  two  possibilities  for  the  origin  of  the  flower- 
envelope  of  the  Angiospermac : — . 

(i)  Either  it  has  arisen  from  the  hypsophylls  in  the  vicinity  of  the  flower ; 

{%)  It  has  been  formed  either  entirely  or  partially  by  the  transforma- 
tion of  the  sporophylls. 

The  latter  view  is  supported  by  A.  P.  de  CandoUe,  especially  for  the 
corolla  ^  and  many  later  authors  have  followed  ^  him  mostly  without  quoting 
him.  This  explanation  appears  to  me  to  be  well  founded  in  a  number  of 
cases,  as  is  also  the  view  that  the  outer  portion  of  the  flower-envelope,  the 
calyx,  has  proceeded  from  hypsophylls.  The  conclusion  is  arrived  at,  as 
de  Candolle  showed,  from  the  position  of  both  structures,  not  from  the 
colour ;  the  calyx  can,  as  is  known,  be  petaloid.  One  must  never  forget, 
however,  that  here  as  elsewhere  in  the  plant  kingdom  the  same  result  may 
come  about  in  different  ways. 

It  must  suffice  to  put  forward  as  examples  some  cases  from  one  family 
— that  of  the  Ranunculaceac  ^ — which  on  account  of  their  instructive 
relationships  have  been  frequently  used  for  illustration  of  the  question  under 
discussion: — 

Anemoneae.  As  a  starting-point  we  may  consider  a  flower  which  has  a  simple 
petaloid  flower-envelope  and  numerous  stamens  and  carpels.  Such  a  flower  occurs, 
for  example,  in  the  Anemoneae.  In  them  the  number  of  the  leaves  which  form  the 
flag-apparaius  is  not  constant,  because  frequently  the  outermost  stamens  are  trans- 
formed into  petaloid  leaves  *.  The  simple  petaloid  envelope  of  the  Anemoneae  we 
consider  to  be  the  result  of  the  transformation  of  stamens,  but  within  the  same  group 
other  organs  may  be  formed  out  of  the  stamens.  The  outer  stamens  are  transformed 
into  nectaries  in  Anemone  Pulsatilla  where  there  are  all  transitions  between  the 
normally  constructed  stamens  and  the  nectaries  at  the  base  of  the  androecium,  which 
nectaries  still  have  the  conformation  of  the  stamens:  normal  stamens  with  four 
pollen-sacs"  whose  filament  is  shortened ;  stamens  \vith  only  three  or  two  poUen-sacs  ; 


^  A.  P.  de  Candolle,  Th^orie  ^Umentaire  de  U  botanique,  Paris,  £d.  i,  1823,  £d.  $,  1844. 
See  also  Considerations  g^n^rales  sar  les  flenrs  doubles  et  en  particiilier  snr  celles  de  la  famille  des 
Renoncalac^es,  in  Memoires  de  Physique  et  de  Cbimie  de  la  Sod^t^  d'Arcucil,  iii  (181 7),  p.  394.  *  As 
I  have  shown  in  my  *•*  Throne  ^l^mentaire  '*  the  petals  are  merely  the  outer  stamens  whidi  in  the 
natural  state  of  things  are  transformed  into  plates  or  into  homs.' 

'  In  recent  times  Celakovsk^,  Uber  den  phylogenetischen  Entwicklungsgang  der  Bliite  und  iiber 
den  Ursprung  der  Blumenkrone,  I  und  II,  in  Sitzungsberichte  der  koniglich  bohmischen  Gesell- 
schaft  der  Wissenschaften,  1896,  1900,  has  in  an  extreme  manner  supported  this.  He  derives  all 
perianth-leaves  as  well  as  the  foliage-leaves  from  transformed  sporophylls.  How  plants  with  non- 
assimilating  sporophylls  can  exist  is  difficult  to  understand. 

'  The  following  account  conforms  in  all  essential  points  with  that  which  I  gave  in  1 886.  See  GoebeU 
Beitnige  zur  Kenntniss  gefiillter  Bliithen,  in  Pringsheim*s  Jahrbiicher,  xvii  (1886).  Subsequently 
other  authors  have  also  expressed  the  same  view. 

*  See  what  is  said  about  Anemone  Hepatica,  Part  I,  p.  177. 

*  See  also  FamiUer,  Biogenetische  Untersuchungen  iiber  verkiimmerte  oder  umgebildete  Sexual- 
organe,  in  Flora,  Ixxxii  'I1896),  p.  149. 
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and  as  a  final  stage  stamens  in  which  the  poUen-sacs  are  entirely  suppressed.  If  we 
imagine  that  these  nectariferous  staminodes  have  a  pit  upon  their  upper  surface 
we  are  on  the  road  to  forms  such  as  are  found  in  Trollius,  Helleborus,  and  elsewhere, 
and  finally  to  the  nectariferous  petals  of  Ranunculus.  But  in  some  forms  of  the 
Anemoneae  another  series  of  transitions  runs  alongside  of  this  one.  In  the  Pulsa- 
tilleae,  Anemone  nemorosa,  and  others,  the  flower-bud  is  surrounded  by  three  foliage- 
leaves  which  elsewhere  pass  over  into  hypsophylls,  experiencing  at  the  same  time  a 
reduction  of  their  segmentation  *.  In  Anemone  Hepatica  the  intemode  between  these 
entirely  calyx-like  leaves  and  the  flower  is  not  elongated  as  it  is  in  the  other  species 
of  Anemone  mentioned,  and  the  involucre  has  become  actually  a  calyx.  This  calyx 
may  now  itself  become  petaloid,  but  it  shows  through  many  interesting  transitions  its 
relationship  with  hypsophylls. 

TrolliuB  enropaeuB.  The  same  is  the  case  in  Trollius  europaeus.  Its  flower 
is  surrounded  by  a  number  of  yellow-coloured  leaves  which  are  mostly  unsegmented, 

and  are  distinguished  in  that  way  from  preceding 
hypsophylls.  An  examination  of  a  large  number 
of  flowers  brings  to  light  transition-forms  which 
show  that  the  outer  flower-envelope  consists  of  only 
specially  constructed  hypsophylls,  the  whole  having 
come  to  pass  in  the  same  way  as  in  Astrantia  *,  These 
,     ^  ..  _  transition-forms '  have  still  at  their  apex  indications 

Fig.  360.  Trollms  earopaeas.  Three  ^   .  .  r  1       r  1.  1  /«.  ^   , 

leaves  showing  transition  from  bypso-  OI  tnC  Segmentation  OI  the  lOUafire-leaveS  iFlCr.  'lOO), 
phyll  to  ottter  flower-envelopc.     They  11  •  r  ,  .  ..         . 

are  yellow,  with  the  exception  of  the     as  wcIl  as  a  tmgc  of  green  colour  whilst  the  greater 

dotted  area  which  contains  chlorophyll.  ^      r  ^i_      1      r  1        t.  «i  <>vf      •    «« 

part  of  the  leaf  has  become  yellow.  We  shall  con- 
sider them  as  hypsophylls  which  have  become  an  element  of  the  flower  and  serve 
thus  both  as  a  flag-apparatus  and  as  a  protection  to  the  bud.  Following  them 
we  have  the  nectaries  consisting  of  transformed  stamens  which  correspond  to  the 
corolla  of  Ranunculus,  then  we  have  the  stamens,  and  then  the  carpels. 

A  flower-axis  then  which  possessed  originally  sporophylls  can  attain  to  richer 
endowment  by : — 

(i)  The  hypsophylls  in  the  vicinity  of  the  flower  entering  into  its  service, 
forming  themselves  into  a  calyxy  as  in  Anemone  Hepatica,  and  at  the  same  time  be- 
coming a  flag-apparatus. 

(2)  The  outermost  stamens  either  forming  only  a  flag-apparatus,  as  in  many 
Clematideae,  for  example  Atragene  alpina,  or  becoming  nectaries,  as  in  Anemone 
Pulsatilla,  or  becoming  structures  which  serve  both   as  a  flag-apparatus  and  as 


*  See  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenor^:ane,  in  Schenk's  Handbnch 
der  Botanik,  iii  (1884),  p.  388,  Fig.  61,  of  Anemone  stellate. 

'  See  p.  395. 

'  These  are  also  found  in  the  terminal  flower  of  Gentiana  asclepiadea.  We  can  there  follow  how 
the  two  uppermost  foliage-leaves  are,  as  it  were,  drawn  into  the  formation  of  the  calyx.  Not  infre- 
quently one  of  them  is  only  partially  united  with  the  calyx-tube,  and  shows  then  a  widened  sheath-like 
basal  portion,  whilst  the  apex  of  the  calyx^tube  corresponds  to  the  lamina  of  a  foliage-leaf. 
There  are  to  be  found,  if  one  examines  a  large  number  of  plants,  all  transition-stages  from 
flowers  which  are  sharply  shut  off  from  the  vegetetive  shoot  to  those  which  gradually  pass 
into  it. 
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nectaries,  as  in  Ranunculus  and  also  in  Trollius,  where,  however,  the  relatively  small 
nectaries  in  spite  of  their  orange  colour  can  scarcely  be  considered  as  a  flag- 
apparatus. 

That  in  many  other  families,  especially  the  Nymphaeaceae,  Mesembry- 
anthemum,  the  Zingiberaceae,  the  CandoUean  view  fits  well ;  and  without 
forcing  of  the  morphological  facts  appears  to  me  incontestable.  In  many 
flowers  indeed  the  stamens  clearly  act  as  a  flag-apparatus  with  or  without 
loss  of  function,  and  our  knowledge  of  double  flowers  tells  us  that  the  stamens 
are  transformed  specially  easily  into  petals.  That  this  transformation  can 
take  place  in  foliage-leaves  also  follows,  not  only  from  what  has  been  said 
about  Trollius  but  also  from  what  was  said  before  about  Nidularium  ^. 

Factors  Influencing  Colour  and  Size.  The  colour  of  the  flag- 
apparatus  of  the  flower,  by  which  it  diflfers  so  markedly  from  the  v^etative 
part,  is  purely  an  arrangement  in  relation  to  pollination.  We  find  male  and 
female  flowers  which  have  a  lively  red  colour  in  many  Coniferae,  for  example 
the  spruce,  although  here  the  pollination  takes  place  by  the  wind,  and  in 
Musci  frequently  the  same  phenomenon  is  observed  in  the  sexual  organs. 
It  is  therefore  very  probable  that  the  feature  of  colour  which  so  often 
appears  when  the  propagative  organs  are  being  brought  forth  has  some 
connexion  with  definite  metabolic  processes,  although  up  till  now  we  cannot 
recognize  what  these  are.  It  has  been  shown  ^  that  the  capacity  for  respira- 
tion of  the  flower  is  greater  than  that  of  the  green  leaf-organs,  whilst  its 
transpiration  is  less,  but  we  do  not  know  yet  how  this  functional  behaviour 
affects  the  whole  economy  of  the  flower,  nor  what  is  the  reason  from  the 
purely  physiological  standpoint  why  in  many  flowers,  for  example  those  of 
the  Urticaceae,  corollinc  organs  are  entirely  wanting. 

That  the  size  of  the  corolla,  and  in  many  cases  also  the  intensity  of  its 
colouring  ^,  is  dependent  upon  external  factors,  especially  upon  the  intensity 
of  light  *,  has  been  already  pointed  out,  and  it  was  shown  that  this  is  only  an 
individual  illustration  of  the  fact  that  the  different  developmental  stages  of 
the  plant  are  bound  up  with  different  external  conditions,  and  that  other 
factors  besides  light  have  an  influence  upon  the  formation  of  flower  ^  Here 
we  shall  only  further  say  that  the  *  unessentially  zygomorphous '  flowers 


»  See  Part  I,  p.  10. 

'  Curtel,  Recherches  physiologiqnes  sar  la  fleur,  ia  Annates  des  sciences  natnrelles,  s^r.  8,  vi  (1897). 

'  The  dependence  of  the  intensity  of  the  colouration  upon  light  is  not  equally  expressed  in  all 
plants.  Askenasy,  Uber  den  Einfluss  des  Lichtes  auf  die  Farbe  der  Bluthen,  in  Botanische  Zeitung, 
xxxiy  (1876),  has  moreover  shown  that  flowers  of  Antirrhinum  majus  and  Digitalis  purpurea,  which 
had  developed  on  the  shoots  of  plants  deprived  of  their  leaves  remained  white,  and  that  therefore  the 
disturbance  of  nutrition  affects  the  formation  of  colour, 

«  See  Part  I,  p.  243. 

'  G.  Klebs,  Einige  Ergebnisse  der  Fortpflanznngsphysiologie,  in  Berichte  der  deutschen  botanischen 
Gesellschaft,  xvii  (Generalversammlungs-Heft  1900),  p.  aoi,has  confirmed  this.  He  found,  amongst 
other  things,  that  the  size  of  the  corolla  of  Myosotis  palustris  was  changed  not  only  by  feeble  light 
but  also  by  too  moist  air  or  by  too  strong  nutrition. 
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which  we  formerly  described  ^  as  they  are  found  on  the  margin  of  many 
inflorescences,  that  is  to  say  those  with  unilaterally — outwardly — furthered 
corollas,  owe  their  conformation  perhaps  to  the  fact  that  the  outer  part  of 
the  corolla  has  been  the  more  intensely  illuminated  side  in  a  long  series  of 
generations,  and  therefore  we  have  to  deal  most  probably  with  an  inherited 
influence.  It  is  at  any  rate  of  interest  to  note  that  we  can  produce  quite 
similar  phenomena  experimentally  ^.  In  Fig.  ^6 1  is  shown  an  inflorescence 
of  Helianthus  annuus.  On  it  the  ray-florets  are  developed  unequally  in 
consequence  of  unequally  strong  illumination.  If  now  we  substitute  for  the 
capitulum  figured  in  Fig.  361,  II,  a  single  marginal  flower  of  Scabiosa  we 


PlO.  361.  Helianthus  annuus.  Capitulum  grown  in  feeble  unilateral  illumination.  The  ray-florets  on  the  feebly 
illumfaiated  side  are  smaller  than  on  Uie  side  under  stronger  illumination.  I,  capitulum  in  vertical  section.  II,  the 
same  seen  from  above.    After  N.  J.  C.  MlUler. 

obtain  fundamentally  quite  similar  configuration.  Whether  the  analogy 
here  assumed  is  actual  or  only  apparent  can  only  be  shown  by  experimental 
investigation  of  the  plants  which  from  this  standpoint  possess  *  plastic ' 
flowers. 


{b)      DIFFERENCES   IN   CONFIGURATION   DUE  TO   DIFFERENCES   IN   DISTRIBUTION 

OF    GROWTH. 

An  account  of  the  numberless  differences  in  configuration  of  the  flower- 
envelope  could  only  be  given  along  with  a  discussion  of  their  function  and 
will  not  be  attempted,  but  there  is  one  point  of  general  importance  which 
may  be  briefly  referred  to,  namely,  that  marked  changes  in  form  may 
appear  in  the  mature  condition  through  relatively  small  differences  in  the 
distribution  of  growth.  This  is  a  generally  effective  cause.  I  have 
endeavoured  to  explain  it  in  an  example  of  the  grass-inflorescence  ^,  and 


>  Part  I,  p.  130. 

2  See  also  N.  J.  C.  Miiller,  Handbuch  dcr  Botanik,  i,  p.  269.  Cartel,  Recherches  physiologiques 
sur  la  fleur,  in  Annates  des  sciences  naturelles,  gives  us  nothing  essentially  new.  I  may  here  recall 
what  was  said  about  the  unilateral  construction  of  Hepaticae  and  Musd ;  see  p.  77,  note  4.  In  the 
prophylls  of  some  Dicotyledones  I  have  recently  found  relationships  of  constraction. 

•  Goebel,  Beitrage  zur  Entwicklungsgeschichte  einiger  Infloresoenzen,  in  Pringsheim's  Jahrbiicher, 
xiv  (1884). 
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Sachs  ^  has  subsequently  in  his   instructive  manner  illustrated   it  in  the 
development  of  the  foliage-leaves. 

With  regard  to  the  corolla,  we  may  start  from  the  primordium  of 
a  radial  pentamerous  corolla  of  concrescent  primordia  as  it  occurs  in  many 
dicotylous  flowers.  The  concrescence  depends,  as  we  have  seen,  upon  a  dis- 
placement of  the  growth.  If  each  of  the  five  leaf-primordia  were  to  grow 
into  a  free  part,  then  we  should  have  a  choripetalous  corolla.  But  the  free 
parts  grow  only  insignificantly,  the  zone  of  insertion  of  the  five  primordia 
grows  strongly,  and  there  arises  the  tube  with  the  five  teeth  with  which 
we  started.  This  develops  further  into  a  radial  corolla  such  as  we  find  in 
Campanula,  or  into  the  tubular  flower  of  some  of  the  Compositae,  if  the  sub- 
sequent growth  is  chiefly  upon  the  cup-like  or  tube-like  basal  portion,  whether 
this  grows  uniformly  throughout  or  only  retains  a  zone  _  ^^ 

of  embryonal  tissue,  which  is  then  usually  at  the  base. 
If,  however,  the  zone  below  the  teeth  grows  strongly, 
then  according  to  the  course  of  this  zone  of  growth 
other  relationships  of  configuration  appear.  Let  us 
suppose  that  the  growing  zone  is  below  i  and  2  in 
I'^g-  362  in  the  position  of  the  dotted  line  there.  This 
runs  left  from  i  and  right  from    a  up  to  the  indenta-     chaigi  In  config^tiwi 

1  .   «  .  ft      1    1  t  •  in  a  srmpetaloiu  corolla 

tions  which  separate  the  two  corolla-lobes,  but  it  runs     in  consequence  of  differ- 

ent  difltribntion  of £Towth. 

between  i  and  2  under  the  separating  depression.  If 
now  such  a  zone  of  growth  occurred  also  below  the  lobes  3,4,5,  a  two-lipped 
corolla  must  arise  if  the  lobes  i  and  2  were  early  checked  in  their  growth 
— the  conformation  which  the  marginal  flowers  of  the  tubulifloral  Com- 
positae show ;  if  the  zone  of  growth  touch  only  at  one  position  upon  the 
separating  depression,  then  we  obtain  the  *  unilaterally  split  *'  corolla,  which 
is  subsequently  spread  out  flat,  of  the  ligulifloral  Compositae. 

(2)  The  Androecium. 

The  conformation  of  the  microsporophyll  is  much  more  uniform  amongst 
the  Angiospermae  than  amongst  the  Gymnospermae.  In  the  Gymnospermae 
the  number  of  microsporangia  is  somewhat  variable,  even  within  one  and 
the  same  flower,  for  example  in  Juniperus,  but  in  the  Angiospermae  the 
number  four  predominates. 

The  pollen- sacs  in  the  majority  of  cases  run  parallel  with  the  length 
of  the  staminal  leaf,  so  that  they  correspond  to  the  four  angles  of  the 
anther.  By  the  growth  of  the  connective  the  pollen-sacs  may  be  pushed 
towards  the  inner  side  {inirorse)  ov  to  the  outer  side  (extrorse)  of  the  flower — 


*  See  Sachs,  Lectures  on  the  Physiology  of  Plants,  English  edition  by  Marshall  Ward,  Oxford, 
1887,  p.  506. 
'  That  this  expression  is  not  literally  correct  is  clear  from  the  description  that  is  given. 
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changes  which  have  an  intimate  relationship  to  the  manner  in  which 
pollination  is  effected.  There  are,  however,  cases  in  which  the  anthers  have 
two  pollen-sacs  above  and  two  below,  as  in  the  Laurineae,  but  I  do  not 
know  whether  this  is  the  result  of  a  displacement  taking  place  in  the  course 
of  the  development.  Where  there  are  deviations  from  the  number  four  in 
the  microsporangia  we  can  refer  them  back  to  this  type  by  the  following 
assumptions : — 

{a)  Division  of  the  anther. 

{b)  Arrest  or  suppression  of  pollen-sacs. 

(c)  Confluence  of  pollen-sacs. 

{d)  Divfsion  of  pollen-sacs  by  sterile  plates  of  tissue. 

The  following  are  illustrations  of  these: — 

(a)  Division  of  the  anther.  This  scarcely  requires  an  explanation.  It  is 
found  in  Betula,  Althaea  and  other  Malvaceae,  and  in  Salvia  along  with  sterilization 
and  transformation  of  one  anther-lobe. 

{b)  Arrest  or  suppression  of  the  pollen-sacs.  In  the  case  of  the 
Asclepiadeae  *  only  the  pair  of  anterior  sporangia  are  developed.  The  arrest  of  the 
posterior  pollen-sacs  is  evidently  connected  with  the  peculiar  construction  of  the 
stamens.  Arrest  also  occurs  in  the  Marantaceae,  where  one-half  of  the  stamen  has 
become  petaloid. 

{c)  Confluence  of  poUen-sacs.  We  have  seen  confluence  in  Junipenis 
amongst  the  Gymnospermae,  and  its  occurrence  in  the  Angiospermae  is  less  striking 
because  the  microsporangia  are  less  independent  than  they  are  in  the  Gymnospermae. 
This  confluence  may  take  place  by  the  subsequent  breaking  down  of  sterile  tissue, 
or  by  the  development  of  fertile  tissue  in  places  where  otherwise  sterile  tissue 
should  be. 

Which  process  takes  place  in  the  Orchideae  where  confluence  occurs,  for  instance 
in  Stanhopea,  Gongora,  Trichopilia,  I  do  not  know,  but  it  seems  to  me  probable  that 
it  is  the  second  one.  This  can  only  be  determined  by  an  examination  of  the 
development.  It  is  probable  that  the  body  possessing  two  annular  pollen-chambers  in 
the  middle  of  the  flower  of  Cyclanthera  has  arisen  by  simplification  of  an  androecium 
which  consisted  of  five  stamens,  each  having  two  horizontal  chambers  between  which 
sterile  tissue  was  no  longer  formed  *. 

{d)  Division  of  pollen-sacs  by  plates  of  sterile  tissue.  This  process  is  a  more 
frequent  one  and  will  be  referred  to  again  when  the  formation  of  sporangia  is  discussed 


*  Sec  Englcr,  Beitrage  xur  Kenntniss  der  Antherenbildung  der  Metaspermen,  in  Pringsheim's 
Jahrbiicher,  x  (1876).  With  regard  to  the  Cacurbitaceae  see  the  description  in  the  text  on  p.  539. 
The  conTolntion  of  the  pollen-sacs  makes  possible  an  abundant  formation  of  pollen,  notwithstanding 
the  halving  of  the  anther.  The  convolution  is  greatest  where  the  need  of  pollen  is  greatest,  that  is 
to  say,  where  there  are  many  ovules. 

'  Whether  one  should  consider  these  anthers  as  appendicular  and  arising  out  of  concrescent  leaves, 
or  as  axialy  seems  to  me  little  more  than  a  matter  of  words.  The  question  only  is  how  they  haxc 
been  derived.    It  is  clear  that  in  their  inception  there  can  be  no  separation  into  axis  and  leaf. 
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It  is  found  along  with  the  '  normal '  formation  of  anthers  in  different  families,  for 
example,  amongst  the  Onagrarieae,  in  Clarkia  where  there  are  four  to  five  •  chambers, 
in  Gaura  biennis  where  there  are  six  chambers,  whilst  in  Epilobium  and  Oenothera 
and  others  there  is  only  a  single  chamber.  The  occurrence  of  chambering  in 
different  cycles  of  affinity  appears  to  me  important,  because  here  a  derived,  not  an 
original,  character  lies  before  us,  and  its  biological  significance  corresponds  evidently 
to  that  of  the  *trabeculae'  in  the  sporangia  of  Isoetes* — by  the  formation  of  these 
sterile  plates  of  tissue  the  nourishment  of  the  sporogenous  cell-complex  is  facilitated. 
We  find  this  construction  therefore,  as  might  be  expected,  especially  in  massive  broad 
and  long  anthers,  for  example  in  Rhizophora  (Fig.  363). 

Transformed  Stamens.  That  the  stamens  of  many  (Jowers  expe- 
rience a  transformation  along  with  a 
change  in  function  will  be  evident  from 
what  has  been  said  regarding  the  Ra- 
nunculaceae ',  with  which  many  others 
might  be  associated.  In  many  cases 
the  function  of  the  transformed  or  de- 
formed stamen  is  not  known,  as  for 
example  in  Boronia  and  .Cassia.  At 
any  rate  there  is  between  transformed 
stamens  and  stamens  which  are  de- 
formed^ in  the  course  of  their  normal 
development  no  sharp  limit. 

(3)  The  Gynaeceum. 

The  enclosure  of  the  megasporan- 
gium  within  a  chamber — the  ovary- 
is  a  characteristic  feature  of  Angio- 
spermae.  The  manner  in  which  this 
comes  about  has  given  rise  to  much 
discussion.  The  differences  of  inter- 
pretation are  a  consequence  partly  of  the  peculiarities  in  the  development 
of  this  organ,  which  have  not  been  always  clearly  appreciated,  and  to  which 
reference  will  be  made  presently,  but  they  are  also  in  great  part  purely 
differences  in  the  use  of  words.  The  essential  points  in  dispute  are  to 
what  extent  the  carpel  (megasporophyll)  and  the  flower-axis  (torus)  share 
respectively  in  the  construction  of  the  gynaeceum,  and  in  particular  what 
IS  the  correct  interpretation  of  the  placenta.  Comparative  morphology, 
starting  from  the  behaviour  of  the  Cycadaceae,  where  the  foliar  origin  of 


Pig.  363.  Rhizophora  macrooAta.  Flower  in 
longitaoinal  section.  Nameroos  spherical  niicro- 
sporanf^  ^,  in  the  anther ;  «,  spongy  tissue  ander 
the  ovary  into  which  the  growing  seed  penetrates. 


*  See  p.  604.  •  See  p.  549. 

'  See  Familler,  Biogenetiscbe  Untersuchnngcn  iiber  verkUmmerte  oder  nmgebildete  Sextudorgane^ 
in  Flora,  Ixxxii  (1896). 
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the  ovules  is  evident,  as  well  as  from  other  cases,  and  particularly  from 
conditions  of  phyllody,  endeavoured  to  prove  that  the  placenta  and  there- 
fore the  ovules  were  everywhere  the  products  of  the  carpels  ^,  and  to  maintain 
this  it  was  necessary  to  assume  concrescence  and  unions  which  were 
altc^ether  hypothetical.  The  history  of  development  appeared  to  lead  to 
quite  other  results.  Payer,  for  example,  believed  that  the  placenta  should 
be  interpreted  always  as  an  axial  organ  ^.  There  were  no  less  differences  in 
the  views  upon  the  nature  of  the  inferior  ovary  and  other  questions. 

An  attempt  has  been  made  above  to  show  that  the  flowers  are  indeed 
derived  from  v^jetativc  shoots,  but  that  in  consequence  of  their  whole  con- 
struction a  number  of  deviations  from  the  behaviour  of  purely  vegetative 
shoots  show  themselves.  It  would  be,  therefore,  incorrect  to  endeavour 
to  find  the  scheme  of  segmentation  of  the  vegetative  shoots  without 
modification  in  all  the  relationships  of  configuration  of  the  flower,  and  to 
consider  the  flower — at  least  in  idea — as  being  based  upon  this  scheme. 
Every  explanation  must,  in  the  first  instance,  closely  fit  the  individual 
facts.  We  have  here,  as  in  other  cases,  to  construct  a  picture  after  com- 
parison of  all  the  observed  phenomena  as  they  actually  occur ^  or,  to  speak 
more  accurately,  to  arrange  the  manifold  phenomena  in  series,  but  we  shall 
gain  little  if  we  still  read  into  the  terminal  member  of  a  series  its  beginning 
stages.  We  shall  do  better  if  we  admit  that  nature  steers  straight  forward 
to  its  end,  and  in  consequence  takes  short  cuts,  the  evolution  of  which  we 
can  to  a  certain  extent  follow  by  comparison.  We  may  recall  the  instructive 
case  of  the  microsporangia  of  Juniperus  amongst  the  Gymnospermae, 
which,  originally  clearly  leaf-borne,  finally  become  axis-borne  by  reduction 
of  the  sporophylls  at  the  end  of  the  flower.  There  is,  indeed,  still  a  remnant 
of  the  sporophylls  existing,  but  things  would  be  little  changed  were  it  too 
to  disappear  and  the  sporangium  were  to  spring  directly  from  the  flower- 
axis.  The  interesting  point  in  this  is  not  the  fact  that  the  sporangium, 
which  arises  in  the  ordinary  case  on  a  sporophyll,  has  here  at  last  taken 
up  a  position  on  the  flower-axis,  but  the  tracing  of  the  path  by  which  this 
axial  position  has  been  acquired.  Hitherto  morphologists  have  considered 
leaf-borne  and  axis-borne  organs  as  having  a  different  '  morphologfical 
value,*  and  have  therefore  endeavoured  to  avoid  tracing  to  the  same  place 
of  origin  organs  which  in  their  other  peculiarities  appear  as  evidently 
similar.  To  me  the  place  of  origin  is  more  or  less  a  subordinate  point, 
as  I  have  several  times  said — everything  else  can  change,  so  also  can  this. 
What  we  should  endeavour  to  find  out  is  the  method  and  manner  of  how 
the  change  has  taken  place,  and — what  is  a  much  more  difficult  but  also 


"  See  especially  Celakovsk;^,  Verglcichcnde  Daistellting  der  Placenten  in  den  Frachtknoten  der 
Phanerogamen,  in  Abhandlungen  der  koniglich  bobmischen  Gesellschaft  der  Wissenschaften,  Folge 
6,  viii  (1876). 

^  Payer,  Traits  d'organog^nie  compai^  de  la  fleur,  Paris,  1857,  p.  728. 
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a  much  more  stimulating  question — the  cofiditiofis  under  which  it  has  been 
completed.  In  Juniperus,  as  we  have  seen,  we  had  to  deal  with  a  shorten- 
ing in  the  development.  Such  shortenings  are  found  in  predominant  degree 
in  the  construction  of  the  gynaeceum  of  the  Angiospermae.  Whilst  we  may 
in  r^fard  to  it  start  from  cases  where  the  phenomena  as  we  know  them  of 
the  vegetative  shoot  and  the  flower  of  the  Gymnospermae  are  still  perceptible, 
the  carpels  are  sharply  marked  off  from  the  axis  and  produce  the  ovules 
either  on  their  concrescent  margins  or  on  their  surface ;  at  the  end  of  the 
series  we  shall  find  cases  in  which  the  differentiation  not  only  of  the  carpels 
from  the  flower^axis,  but  also  of  the  ovules  from  the  carpels,  is  entirely 
suppressed.  Such  a  case  will  be  mentioned  when  speaking  of  the  ovules 
in  Balanophora.  Should  we  endeavour  to  read  into  them  our  scheme  ?  Are 
we  to  expect  nature  to  adjust  itself  to  our  abstractions,  or  is  it  not  rather 
the  right  way  to  adapt  our  opinions  to  its  innumerable  changes  ? 


FlO.  464.    Scheme  of  the  development  of  the  ovary  in  many  Angiospermae  with  formation  of  the  sole, 
longitadinal  section.    6-7  in  transverse  section,    a,  apex  of  the  caipel ;  h^  the  sole. 


1-5  m 


The  shortenings  which  we  can  recognize  in  the  formation  of  the  ovary 
are  specially  the  following : — 

(a)  The  differentiation  of  axis  and  leaf  is  at  different  stages  only  slightly 
marked,  because  the  area  of  the  vegetative  point  of  the  flower  is  often 
entirely  used  up  by  the  carpels. 

{p)  Concrescent  parts  appear  from  the  beginning  in  combination  with 
one  another,  instead  of  subsequently  uniting. 

(c)  This  is  not  only  true  of  the  combination  of  many  carpels  with  one 
another,  but  also  for  each  single  carpel  itself.  The  chamber  which  a  single 
carpel  has  to  build  is  relatively  seldom  formed  by  the  union  of  originally 
free  margins;  much  more  frequent  is  it  that  the  carpel  develops  like 
a  peltate  leaf,  only  without  a  stalk ;  that  is  to  say^  there  appears  upon  the 
upper  side  of  the  carpel  a  depression  very  like  what  is  found  in  the  forma- 
tion of  a  tubular  leaf  of  a  Sarracenia,  and  then  this  deepens.  One  part 
corresponding  to  the  apex  of  the  carpel  (Fig.  364  a)  grows  most  strongly ; 
it  forms  the  style  where  that  exists,  and  the  stigma.  The  other  may  be 
called  the  sole  of  the  carpel.  It  is  continued  upwards  on  the  maigin  of 
the  carpels^  and  is  so  placed  that  the  margins  have  not  separated  here  from 
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one  another.  At  this  point,  especially  where  their  number  is  reduced,  the 
ovules  are  by  preference  formed — a  phenomenon  which  may  be  connected 
with  the  fact  that  the  most  protected  place  to  be  found  is  in  this  basal  pit. 
If  only  one  ovule  is  found  here,  it  takes  up  a  median  position,  whilst  higher 
up  the  margins  of  the  carpel  are  the  positions  of  origin  ^ 

The  gynaeceum  forms  originally  the  terminal  structure  of  the  flower. 
Its  position  is  more  or  less  early  changed  in  perigynous  and  particularly  in 
epigynous  flowers.  The  history  of  development  and  comparison  show  us 
how  this  process  comes  about,  and  that  there  is  no  essential  diflerence 
between  the  structure  of  the  gynaeceum  in  hypogynous  and  epigynous 
flowers.  Transition-forms  between  these  are  also  known.  It  will,  however, 
be  more  instructive  to  deal  with  these  two  kinds  of  flower  separately. 

Terminology.  The  expressions  monomerous,  dimerous,  polymerous,  referring 
to  the  number  of  the  carpels,  explain  themselves.     By  apocarpous  we  designate  a 

g}*naeceum  in  which  the  several  carpels 
are  not  concrcscent  with  one  another, 
and  by  syncarpous  one  in  which  two 
or  more  carpels  are  united  to  form 
one  ovary.  I  think  it  is  useful  to  add 
the  expression  paracarpous  to  indicate 
ovaries  whose  carpels  are  joined  to- 
gether by  the  margins  only  —  their 
position  corresponding  to  that  of  the 
leaves  in  valvate  aestivation — as  in 
Dionaea  and  Primula;  the  term  syn- 
carpous would  then  be  retained  for 
gynaecea  in  which  the  carpels  are 
united  by  their  outer  surfaces. 


Pig.  36c.  Brrthnea  pulchella.  I,  flower-bod  in  trans- 
.  jrae  section.  The  two  carpels  of  the  gynaeceam  in  the 
middle  touch  by  their  edges,  W       '  '         * 

II  and  III,  older  ffynaecca  in 

carpels  have  corvea  inwards  more  conspicnoosly  and  have 


ovnJes  are  not  yet  formed, 
ecea  in  transverse  section.     The 


Magnified. 


II  and  III,  older 
carpels  have  carve 
produced  ovnles  on  their  under  surface. 

Ovules  on  the  Under-Sukface  of  Carpels.  The  ovules  niay 
arise  at  different  positions  upon  the  carpels,  chiefly  on  their  margins,  which 
are  often  greatly  swollen,  but  they  also  occur  upon  the  upper-surface,  as  in 
Butomus  and  Cabomba,  and  also  upon  the  under-surface.  Their  occurrence 
upon  the  under-surface  is  really  not  a  rare  phenomenon,  and  yet  Celakovsky 
has  recently  expressly  denied  it,  and  therefore  I  must  say  something  about 
it.  There  are  syncarpous  ovaries  in  which  the  margins  of  the  carpel  are 
strongly  bent  inwards,  but  are  only  united  over  a  relatively  small  surface  -, 
for  example  in  Erythraea,  where  the  ovary  is  composed  of  two  carpels 


^  See  Ophioglossnm,  p.  481. 

»  CJocbel,  Vcrgleichende  Entwicklungsgeschichte  der  Pflanzenorgaoc,  in  Schenk's  Handbuch  der 
Botanik,  iU  (1884),  p.  43a.  Chauvemnd,  Sur  rinsertion  dortale  dcs  ovules  chez  les  Angiospenncs, 
in  Comptes  Rcndus  de  TAcad^mie  des  Sciences  de  Paris,  cxiv  (1892),  p.  14a,  subscquenUy  came  to 
the  same  result  for  the  Asclepiadeae  and  Apocynaceae.  See  also]A.  Braun,  Die  Frage  nach  der 
Gymnospermie  der  Cycadeen  erlautert  durch  die  Stellung  dieaer  Familie  im  Stufengang  dcs 
Gewachsreichs,  in  Monatsberichte  der  Berliner  Akadexnie  aus  dem  Jahre  1875,  p.  35  a. 
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which  become  concrescent  at  a  relatively  late  period.  Their  inturned 
margins  bear  the  ovules  upon  the  under-surface,  and  upon  the  margin 
(Fig.  365,  II  and  III).  It  is  evident  in  the  figure  that  the  incurving  of  the 
margins  of  the  carpel  increases  in  course  of  the  development,  and  analogous 
cases  are  found  elsewhere.  With  regard  to  the  question  which  position  of 
the  ovules — whether  margfinal  or  surface — is  to  be  considered  the  primitive 
one,  I  can  only  refer  to  what  has  been  said  in  the  case  of  the  sporophylls  of 
the  Filicineae  and  Gymnospermae.  These  are  questions  which  at  the 
present  time  we  cannot  expect  to  solve  with  certainty. 

{a)   THE   SUPERIOR   OVARY. 

I.  The  Apooarpous  Gynaeoeum. 

The  simplest  case  is  that  of  an  ovary  formed  from  a  single  carpel 
which,  originally  open,  grows  together  later  at  the  margins,  and  bears  the 
ovule  on  the  concrescent  margfin. 

Fapilionaoeae.  We  have  this  in  the  Papilionaceae.  In  them  the 
single  carpel  arises  in  the  form  of  a  horse-shoe  shaped  primordium  in- 
vesting one  side  of  the  flower-axis  before  the  whole  of  the  stamens  are  laid 
down,  and  gradually  the  primordium  encloses  the  whole  apex  of  the  axis  in 
the  same  way  as  does  the  primordium  of  the  leaf  of  a  grass.  The  growth 
is  always  furthered  upon  the  side  where  originally  there  was  the  most 
prominent  part  of  the  primordium.  At  a  later  stage  ^  the  carpel  appears  in 
a  form  which  Payer  aptly  compares  with  a  sack  slit  upon  one  side ;  the  slit 
is  formed  by  the  margins  which  have  approached  one  another,  but  are  not 
yet  concrescent.  The  ovules  sprout  from  these  leaf-margins  and  form  then 
two  rows  opposite  the  middle  line  of  the  carpel ;  and  as  the  edges  later 
become  completely  united,  the  pod  of  the  Papilionaceae  is  produced,  which 
primarily  is  unilocular,  and  only  in  a  few  species  is  divided  by  growths 
from  the  inside  of  the  carpel  throughout  its  length  in  Astragalus,  or  at  right 
angles  to  its  axis  in  Cassia  Fistula — a  phenomenon  which  is  not  uncommon 
in  other  ovaries. 

Numerous  monomerous  ovaries  are  found  in  many  Rosaceae  and 
Ranunculaceae. 

Bosaoeae.  Amongst  the  Rosaceae,  of  which  the  tribe  Dryadeae  will 
be  specially  kept  in  view,  the  flowers  are  perigynous,  that  is  to  say,  sepals, 
petals,  and  stamens  stand  upon  a  cup-like  zone  of  the  flower-axis,  which 
invests  the  terminal  conical  portion  of  the  same  axis  which  bears  the 
carpels.  The  carpels  arise  from  this  conical  portion  of  the  flower-axis  in 
numbers,  and  the  first  of  them  appears,  for  example  in  species  of  Rubus, 
always  before  the  stamens  are  all   laid  down   upon  the  cup-like  zone. 


'  Vicia  Faba  was  used  as  a  subject  of  investigatioo. 
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A  single  carpel  of  Geum  *  or  of  Rosa  has  at  first  the  form  of  a  hemi- 
spherical papilla,  which  becomes  flattened  in  its  further  growth,  and  takes 
on  the  form  of  an  ordinary  leaf-primordium.  The  surface  then  becomes 
concave,  the  margins  approach  one  another,  a  considerable  elongation  takes 
place,  and  the  margins  close  together  as  in  the  cases  already  described  *. 
But  at  the  same  time  the  basal  part  of  the  leaf — the  sole — is  raised 
upwards  \  With  this  we  observe  here,  as  in  other  cases,  a  reduction  in  the 
number  of  the  ovules :  the  Spiraeeae  have  still  numerous  margin-borne 
ovules ;  in  Rosa  there  are  two  ovules,  which  spring  immediately  above  the 
lower  sack-like  portion  of  the  carpel;  in  Geum  one  of  the  two  ovules 
regularly  aborts  very  early,  or  its  formation  may  be  entirely  suppressed, 
and  then  the  one  that  is  left  assumes  a  nearly  median  position,  and  stands 
then  immediately  above  the  lower  sack-like  portion  of  the  ovary,  which 
develops  pari  passu  with  its  further  development. 

Banunoalaoeae.  A  similar  process — reduction  of  the  ovules  to 
one  and  its  adoption  of  a  median  position — may  be  observed  in  the 
Ranunculaceae.  The  carpels  of  Ranunculus  and  Myosurus  are  spirally 
placed  upon  the  conical  vegetative  point  of  the  flower.  Each  produces 
one  ovule.  The  carpel  is  concave  upon  its  upper  surface  as  it  is  in  Rosa 
(Fig.  364,  2),  then  it  becomes  cap-like,  and  the  originally  free  margins 
approach  one  another  and  subsequently  coalesce.  Immediately  below  the 
position  where  the  concrescence  begins  the  ovule  arises,  in  Ranunculus 
apparently  in  the  axil  of  the  carpel  ^,  but  really,  as  the  case  of  Anemone 
specially  shows,  it  arises  upon  the  surface  of  the  carpel,  from  indeed  its  sole, 
immediately  below  the  middle  of  the  split  limited  by  the  two  concrescent 
carpel-margins.  If  the  ovule  is  not  clearly  limited  from  the  sole  of  the 
carpel  it  appears  in  longitudinal  section  as  the  direct  prolongation  of 
this,  and  therefore  gives  the  impression  of  being  axillary,  and  was  formerly 
partly  so  described.  Other  Ranunculaceae,  like  Clematis  calycina  ^,  possess 
besides  this  median  ovule  two  others  upon  each  carpel-margin — a  transition 
to  the  behaviour  of  Helleborus,  where,  as  in  the  Papilionaceae  and 
Spiraeeae,  there  are  numerous  marginal  ovules  in  each  carpel.  The 
cap-like  hollowing  out  or  formation  of  the  sole  of  the  carpel  follows 
exactly  the  same  course  as  that  in  the  construction  of  the  homed  petals 
of  Delphinium  *,  where  a  concave  excavation  of  the  upper  side  takes  place 
along  with  the  appearance  of  a  transverse  cushion  at  the  base  of  the  petal, 
quite  as  in  the  formation  of  the  tubes  of  Utricularia  or  of  the  petals 
transformed  to  nectaries  of  Helleborus. 


*  See  Payer,  Traits  d*organog6iie  compar^e  de  la  flenr,  Paris,  1857,  P*  SO'y  P^  ^  >  *^  Warming, 
De  Tovule,  in  Annales  des  sciences  natnreUes,  s^r.  6,  v  (1878),  p.  181. 

«  See  also  Payer,  op.  dt,  pi.  c,  Fig.  15.  *  See  the  definition  npon  p.  557. 

*  As  seen  in  longitudinal  section.  *  See  Payer,  op.  dt,  p.  253,  pL  lyiii,  Figs.  18  and  19. 

*  See  Payer,  op.  dt.,  pL  Iv,  Figs.  20-27. 
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More  correctly  than  in  the  Ranunculaceae  we  can  speak  in  some 
other  apocarpous  gynaecea  of  ovules  which  apparently  spring  from  the 
flower-axis  and  are  axillary  to  the  carpel^.  Fig.  366  furnishes  us  with 
an  instructive  example.  Both  in  Ailanthus  and  in  Coriaria  five  carpels 
are  laid  down  beneath  the  broad  flattened  vegetative  point. 

Ailanthus.  The  carpels  of  Ailanthus  show  the  formation  of  a  cap 
as  do  those  of  Ranunculus  (Fig.  366,  2).  At  s  we  have  the  carpellary 
sole,  above  this  a  broad  quadrangular  split  which  is  closed  subsequently 
by  the  concrescence  of  its  edges  (Fig.  ^66^  3).  That  the  split,  as 
in  the  Papilionaceae,  is  not  prolonged  to  the  point  of  the  carpels  does 
not  depend  upon  the  fact  that  a  process  analogous  with  the  formation 
of  a  sole  takes  place,  but  upon  the  strong  development  of  the  surface 


Fig.  566.  1-3,  Atlanthos  glandnlosa :  development  of  ovary ;  «,  sole  of  the  carpel ;  sk^  ovale.  4-5,  Coriaria 
* ;  A  petiu ;  sta.  stamen ;  cPt  carpel ;  the  ovules  arise  as  in  Ailaiathas  in  front  of  the  middle  of 
iewB 


FIG.  aoo.  1-3,  Atlantbns  glandol 
myrtifolia;  /a,  sepal:  j^,  petiu;  j/a, 
the  carpel,  bat  no  sole  is  perceptible. 


underneath  the  carpellary  apex.  The  carpel  sits  here  upon  the  flower-axis 
with  a  broad  base,  as  in  Ranunculus,  and  consequently  in  longitudinal 
section  it  has  the  appearance  as  if  the  carpellary  sole  {s  in  Fig.  366,  3) 
is  itself  a  sprout  from  the  flower-axis,  but  the  process  is,  as  accurate 
tracing  of  the  history  of  development  shows  2,  quite  like  that  in  Ranunculus, 
only  the  separation  between  carpel  and  vegetative  point  of  the  flower-axis 
is  less  sharp. 

Coriaria.     In  Coriaria,  on  the  other  hand,  this  process  proceeds  still 
further.    The  carpellary  sole  is  not  differentiated  in  longitudinal  section 

^  That  Payer's  view  is  also  here  untenable  I  have  already  shown.  See  Goebel,  Veigleichende 
Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbach  der  Botanik,  iii  (1884),  p.  43a. 

'  See  Schaefer,  Beitrag  zur  Entwicklungsgeschichte  des  Fmchtknotens  nnd  der  Placenten,  in  Flora, 
Ixxiii  (1890),  p.  69. 

COEBEL    n  O   O 
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from  the  v^etative  point  of  the  flower,  yet  the  investigation  of  the  history 
of  development  would  doubtless  show  here  also  that  it  arises  as  a  portion  of 
the  carpel  in  the  same  way  as  in  Ailanthus,  but  it  grows  up  tc^ether  with 
the  vegetative  point  of  the  flower  so  that  a  separation  of  the  two  does  not 
appear.  We  can  of  course  imagine  a  purely  ideal  limit  running  up  between 
them^  as  is  shown  in  Fig.  366, 5,  by  shading  of  the  carpel  to  the  left  *.  The 
origin  of  the  ovule  is  here  the  same  as  in  the  cases  mentioned  above. 
The  same  origination  is  valid  in  cases  where  only  one  carpel  exists  and 
in  its  origin  uses  up  the  substance  at  the  v^etative  point  at  the  apex. 
This  is  the  case  in  Gramineae  where,  however,  the  ovule  has  been  considered, 
though  incorrectly,  as  springing  out  of  the  v^etative  point  of  the  flower ; 
the  formation  of  the  carpel  and  the  fiict  that  the  ovule  is  displaced  later 
upon  the  lateral  wall  of  the  ovary  both  point  to  its  belonging  to  the  carpel 
in  this  family. 

2.  The  Synoarpous  Gynaeoeum. 

In  different  families  we  find  not  only  forms  with  apocarpous  ovaries, 
but  also  those  in  which  the  ovaries  are  syncarpous,  and  there  are  transitions 
between  them.  We  must  first  of  all  distinguish  two  cat^ories  of  the 
development  of  the  syncarpous  ovary : — 

{a)  That  where  the  apex  of  the  flower-axis  does  not  share  in  the 
development ; 

{b)  that  in  which  the  apex  of  the  flower-axis  does  share. 
The  two  categories  are  not  sharply  separable,  as  we  see  in  those  ovaries 
where  the  lower  part  belongs  to  the  first  category,  the  upper  to  the 
second  cat^ory.    In  the  following  a  few  examples  only  will  be  given  to 
illustrate  some  of  the  great  variations  in  the  processes  concerned  here. 

According  to  the  area  of  the  torus  which  is  occupied  by  the  carpels 
tJu  placentation  is  different : — 

I.  If  the  carpels  in  their  origin  from  the  torus  use  it  all  up  amongst 
them  we  obtain  a  bilocular  or  plurilocular  ovary  which  bears  the  placentas 
upon  the  septa. 

a.  If  a  middle  zone  of  torus  is  left  over  which  remains  behind  in 
growth  there  arises  a  unilocular  ovary  with  parietal  placentation. 

We  shall  speak  of  the  first  case  to  begin  with  because  the  latter 
one  connects  better  with  cases  where  the  axis  shares  in  the  formation 
of  the  ovary. 

(l)    THE  SYNCARPOUS   SUPERIOR   OVARY   WITH   SEPTAL  PLACENTATION. 

{d)  The  Flower-axis  does  not  share  in  the  Formation, 
Acer.    We  may  start  from  a  case  like  that  of  Acer  which  has  been 
already  mentioned  and  figured  \    The  carpels  use  up  entirely  the  vegetative 


^  Payer*s  figures  tell  us  nothing  on  this  point.  *  See  p.  541. 
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point  of  the  flower,  and  upon  the  upper  siAt  of  each  arises  the  depression 
already  spoken  of.  Thus  from  the  first  there  is  a  bilocular  ovary  whose 
septum  is  produced  by  the  non-separation  of  the  two  carpels  at  their  base, 
or  rather  by  their  common  growth  together  upwards.  This  behaviour  can 
be  seen,  mutatis  mutandis,  in  other  plants  such  as  the  Boragineae  and 
Labiatae.    In  each  chamber  two  ovules  only  arise. 

Solanaoeae.  Sorophnlarineae.  The  process  is  exactly  the  same  where 
we  have  in  each  loculus  a  many-ovuled  placenta  developed,  as  in  Solanaceae 
and  Scrophularineae  ^.  The  ovary  in  its  upper  part  is  unilocular  with  two 
parietal  placentas,  and  the  process  of  development  is  quite  the  same  as  that 
in  Acer  ^ ;  the  carpels  use  up  entirely  the  torus,  and  form  to  a  certain  extent 
a  double  sole,  the  septal  wall.  The  margin  of  the  cup  of  the  ovary  shows 
an  increased  growth  at  the  points  corresponding  to  the  apices  of  the  carpels, 
and  the  lateral  parts  raise  themselves  somewhat  at  the  position  of  con- 
crescence, and  there  form  the  parietal  part  of  the  placenta. 

Beyond  this  the  question  of  how  far  the  flower-axis  is  drawn  into  the 


Pio.  367.    Ovaries  in  transverse  section.    A^  LobeKa.    B^  Diapeosia.    C,  Rhododendron.    D^  Paasiflora.   ^ 
placenta ;  jo,  ot'ule.    After  Le  Maoat  et  Decaisne.    Ldirb. 

formation  of  the  ovary  is  of  quite  subordinate  importance  *,  yet  there  are 
some  examples  of  septal  placentation  in  which  the  axis  shares  which  deserve 
notice. 

ip)   The  Flower-axis  shares  in  the  Formation. 

We  shall  specially  refer  to  the  cases  of  Oxalideae  and  Caryophylleae. 

Ozalis.  In  Oxalis  stricta  (Fig.  368)  the  five  carpels  arise  in  a  whorl 
around  the  broad  flattened  apex  of  the  flower-axis,  but  they  do  not  use  this 
up  entirely.  Each  carpel  shows  also  here  the  formation  of  the  sole,  but  the 
flower-axis  from  which  the  sole  is  not  separated  grows  up  with  it.  In  this 
way  there  is  produced   a  quinquelocular  ovary  to  which  the  upper  free 


^  See  Fig.  367,  A,  which,  although  it  represents  the  transverse  section  of  an  inferior  ovary, 
shows  the  same  placentation.  I  formerly  supposed  that  there  was  a  sharing  of  the  axis  in  these 
£unilies,  misled  by  the  incomplete  and  therefore  incorrect  statements  of  Payer. 

'  Schaefer  has  proved  by  the  history  of  development  that  this,  which  I  had  conjectured,  is  the  case. 

'  Even  allied  forms  may,  as  it  appears,  behave  differently,  as  we  see,  for  example,  in  the 
Caryophylleae. 

00  2 
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portion  of  the  carpels  forms  the  style.  A  transverse  section  through  the 
lower  part — the  ovary  itself — shows  then  a  central  axis  on  which  the 
mai^ins  of  the  carpel  are  set,  and  they  remain  united  with  this  central  axis, 
and  at  the  position  of  the  union  there  run  in  each  loculus  two  longitudinal 
cushions,  the  placentas.  Doubtless  these  latter  correspond  each  to  a 
marginal  part  of  a  carpel  which  has,  however,  not  separated  itself  from 
the  tissue  of  the  vegetative  point  of  the  flower  ^.  The  process  in  Impatiens 
and  elsewhere  is  similar. 

Oaryophylleae.  In  Caryophylleae,  like  Lychnis,  Malachium,  Silene, 
and  others,  we  have  the  same.  The  so-called  'free  central  placenta'  of 
these  forms  arises  because  the  septa  are  early  broken  down.  As  Van 
Tieghem  says^  *one  sees  then  how  great  is  the  mistake  of  the  organo- 
grapher  who  recognizes  in  this  complex  column  only  a  simple  axis  which 
will  produce  the  ovules  on  its  surface.*  Much  more  correct  is  the  view, 
which  is  supported  by  the  history  of  development  ^,  that  the  placentas 
correspond  to  the  margins  of  the  carpels  united  with  the  axis.    In  this  large 

family,  however,  there 
are  transitions  from 
the  condition  in  which 
the  vegetative  point  of 
the  flower  is  entirely 
used  up  for  the  forma- 
tion of  the  carpels  to 
those  where  the  flower- 
axis  remains  as  a  rela- 
tively lai^e  portion, 
and  is  distinguished 
anatomically  by  special  vascular  bundles.  It  is  easy  to  understand  that  a 
long  massive  column  in  the  middle  of  the  ovary  which  stores  up  material 
for  the  development  of  the  seeds  must  be  specially  constructed  anatomically. 
At  the  same  time  the  question  whether  the  flower-axis  shares  in  the  forma- 
tion of  the  ovary  or  not  is  by  no  means  of  first-class  importance. 

(2)  THE  SYNCARPOUS  SUPERIOR  OVARY  WITH  PARIETAL  PLACENTATION. 

Here  the  vegetative  point  of  the  flower  remains  at  the  base  of  the  cup 
of  the  ovary;  the  placentas  do  not  reach  it  (Fig.  367,  Z?),  and  they  appear 

^  Anatomically  speaking,  the  axial  tisrae  in  Oxalis  stricta  does  not  appear.  The  bundles  which 
ran  in  the  central  colnmn  of  the  ovary  belong  to  the  margms  of  the  carpel  in  the  sense  given  above. 

'  Van  Tieghem,  Recherches  sor  la  structure  du  pistil,  in  Annales  des  sciences  naturelles,  s^.  5, 
ix  (1868),  p.  181. 

*  See  Goebel,  Vergldchende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch 
der  Botanik,  iii  (1884),  p.  37a ;  G.  lister,  On  the  Origin  of  the  Placentas  in  the  Tribe  Alsineae  of  the 
Order  Oaryophylleae,  in  Journal  of  the  Linnean  Society,  xx  (1883),  p.  44a  ;  Schaefer,  Beitrag  zur 
Entwicklungsgnchichte  des  Fruchtknotens  und  der  Placenten,  in  Flora,  Ixxiii  (1890). 


FlO.  368.  OzaHs  stricta.  Orary  in  transverse  section.  A^  before  incep. 
lion  of  ovules.  B^  older,  with  two  rows  of  ovules  in  each  locnlus.  C,  older 
than  that  in  A  and  cut  in  the  upper  part ;  the  margins  of  the  carpels  implanted 
on  the  flower-axis,  or,  to  which  they  are  subsequently  united. 
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therefore  as  projections  from  the  wall  of  the  ovary.     One  example  will 
suffice : — 

Cistus  poptilifolius.  The  carpels  of  this  species  (Fig.  369)  are  laid 
down  in  the  form  of  transverse  cushions  which  approach  one  another  some- 
what, but  at  first  are  not  connected  together.  In  Fig.  369,  1,  the  ovary  is 
shown  already  in  the  form  of  a  cup  with  five  angles,  whose  points  indicate 
the  middle  of  the  carpellary  primordia,  which  have  become  raised  up  early 
upon  a  common  annular  base.  At  those  places  which  correspond  to  the 
lines  of  separation  between  the  several  carpellary  primordia  upon  the  open 
cup  of  the  ovary,  a  thick  longitudinal  cushion  appears  upon  the  inner  wall 
of  the  cup ;  these  are  the  placentas.  The  free  margins  of  the  several  carpels 
ending  above  at  the  angles  of  the  cup  of  the  ovary  grow  in  many  cases, 
for  example  in  Reseda  and  species  of  Hypericum,  into  as  many  styles, 
in  that  the  margins  lay  themselves  tc^ether  and  so  form  the  tubes  of  the 
styles,  and  we  thus  have  an  ovarian  cavity  which  is  continued  into  many 


Fig.  369.  Cittoa  popolifolius.  i,  yonng  flower  seen  obliquely  from  above :  the  ovarian  cup  is  laid  down  with 
five  placentas ;  nnmeroos  stamens  aroand  it.  3,  ovarian  cup  in  vertical  section :  fire  placental  cushions  before 
the  inception  of  ovules.  3,  older  ovary  in  oblique  profile :  the  upper  part  will  become  subsequently  the  style. 
After  Payer. 

distinct  styles.  In  Cistus  this  is  not  the  case.  The  style-tube  is  formed  by 
the  elongation  of  the  upper  part  of  the  ovarian  cup,  and  that  it  took  origin 
at  the  time  of  the  formation  of  the  five  distinct  carpellary  leaves  is  shown 
by  the  appearance  upon  its  outside  of  the  five  stigmas  (Fig.  369).  The 
placentas  project  inwards  as  cushions  into  the  middle  of  the  ovary,  and 
bear  upon  each  side  two  rows  of  ovules.  The  ovary  thereby  becomes 
incompletely  quinquelocular. 

An  ovary  which  is  laid  down  in  this  way  as  a  unilocular  one  may 
become  plurilocular  by  different  processes:  in  most  Cruciferae  by  the 
formation  of  a  false  septum  throi^h  the  union  of  two  outgrowths  from 
the  placentas;  in  the  Geraniaceae  the  placentas  bear  ovules  only  in  the 
lower  part  of  the  ovary,  in  the  upper  part  they  grow  together  into  a  column 
occupying  the  canal  of  the  style  from  which  the  wall  of  the  ovary  is 
subsequently  thrown  off  in  five  valves,  a  process  which  is  closely  connected 
with  the  distribution  of  the  seeds. 
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3.  The  Faraoarpous  Gynaeoeum. 

Dionaea.  Fig.  370  shows  a  transverse  section  of  the  lower  part  of  the 
ovary  of  this  droseraceous  genus  from  which  we  may  start  There  are  five 
carpels  which  are  concrescent,  and  in  such  a  way  that  their  margins  only  are 
in  contact.  Within  this  ovary  we  find  an  annular  swelling  which  produces 
ovules  in  serial  succession  from  within  outwards.  As  the  longitudinal 
section  in  Fig.  370,  II,  shows,  this  swelling  belongs  evidently  to  the  carpels. 
It  represents  the  basal  portions  of  the  carpels  which  are  not  separated  from 
cite  another.  It  is  no  longer  possible  to  assign  the  ovules  to  the  several 
carpels  to  which  they  belong.    The  excavation  in  the  middle  (Fig.  370,  A) 

represents  the  remains 
of  the  vegetative  point 
of  the  flower  -  mass 
which  is  not  devoted 
to  the  formation  of  the 
ovary.  We  can  easily 
derive  this  case  from 
the  common  one:  no 
infolding  of  the  car- 
pellary  leaves  takes 
place  here,  but  a  para- 
carpous  carpellary  ring 
is  produced  in  which 
the  united  carpels  raise  up  their  base  and  bear  the  ovules. 

Frimulaoeae.  Lentibularieae.  From  this  it  is  easy  to  derive  the  free 
central  placenta  which  we  find  in  the  Primulaceae,  Lentibularieae,  and  others. 
In  them  the  differentiation  of  the  placental  portion  of  the  carpels  is  sup- 
pressed. The  whole  of  the  portion  of  the  v^etative  point  of  the  flower 
which  is  not  used  for  the  formation  of  the  wall  of  the  ovary  is  pro- 
longed in  the  middle  of  the  ovary.  What  now  is  this  central  placenta? 
*  Orthodox  morphology '  considers  the  central  placenta  as  formed  out  of  the 
axis  on  which  run  up  the  basal  portions — ^the  soles — of  the  carpels,  and 
defends  this  interpretation  very  well  against  those  who  have  declared  the 
placenta  to  be  the  continuation  of  the  flower-axis  alone.  The  anatomical 
school,  on  the  other  hand,  regards  the  placenta  as  formed  from  the  carpellary 
soles  alone,  because  it  is  pierced  by  a  system  of  conducting  bundles,  which 
have  their  vascular  portion  turned  outwards,  and  are  connected  with  the 
conducting  bundle-system  of  the  carpels.  This  condition,  however,  is  by 
no  means  general;  where  the  placenta  is  weak,  the  supply  of  vascular 
bundles  is  simplified.  In  Primula  farinosa,  for  example,  there  is  a  simple 
concentric  strand  in  the  middle  of  the  placenta,  and  the  same  is  the  case  in 


ooo 


11 


Fig.  370.  Dionaea  maacipula.  I,  ^roung  flower  in  transvene  section* 
II,  the  ovary  of  a  similar  flower  in  longitudinal  section.  Ay  vegetative  point 
of  the  flower ;  5',  ovules. 
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Androsace  villosa  and  others  ^  From  this  we  learn  that  the  anatomical 
structure  gets  its  direction  after  the  formation  of  the  placenta,  and  is  not 
inverted ;  in  other  words,  the  relationships  of  the  vascular  bundles  are 
determined  by  the  claims  of  physiology,  not  by  those  of  morphological 
behaviour,  and  they  require  an  explanation  based  upon  the  whole  con- 
figuration; they  themselves  cannot  give  an  explanation. 

The  view  which  has  been  put  forward  here  may  be  stated  in  the 
following  way:  in  the  free  central  placenta  we  should  distingxiish  neither 
appendicular  nor  axial  parts.  We  have  to  do  with  a  placenta  which  has 
probably  come  about  by  a  process  like  that  which  has  been  shown  above 
in  the  case  of  Dionaea,  but  which  now  exhibits  a  peculiar  new  forfnation 
of  the  flower.  Can  orthodox  morphology  say  where  the  axis  begins  and 
where  the  carpellary  sole  ends?  Must  it  still  sing  the  old  song  that  in 
every  development  nothing  really  new  occurs,  but  that  there  is  only  a 
congenital  union  of  the  old?  This  gives  us  no  insight  into  the  processes 
themselves.  That  in  abnormal  cases  the  placenta  itself  can  elongate  into 
a  shoot  depends  in  our  view  upon  the  fact  that  the  transformation  of  the 
primordium  of  a  foliage-shoot  into  a  flower  is  a  gradually  completed 
process,  and  if  it  be  disturbed  then  the  apex  of  the  flower-axis  can  grow 
further  as  a  shoot.  It  is  peculiar  that  in  many  Primulaceae,  especially  in 
Soldanella,  a  process  of  the  placenta  stretches  up  into  the  style.  Possibly 
it  shares  in  the  conduction  or  nourishment  of  the  pollen-tube.  Biological 
relationships  which  might  make  understandable  the  appearance  of  the  free 
central  placenta  are  as  yet  unknown.  That  the  free  central  placenta 
contains  as  elsewhere  substances  which  are  used  for  the  development  of 
the  seed  scarcely  requires  to  be  mentioned,  as  these  are  found  in  other 
placentas. 

{b)      THE   INFERIOR   OVARY. 

There  are  repeated  here  all  the  relationships  of  configuration  which  we 
have  learnt  in  connexion  with  the  superior  ovary,  and  in  particular  the 
different  kinds  of  placentation,  as  well  as  the  condition  that  the  vegetative 
point  of  the  flower  is  either  entirely  used  up  by  the  carpels,  or  that 
a  portion  of  it  remains  behind.  On  account  of  deficient  historical  investi- . 
gation,  the  view  was  formerly  advanced  that  the  ovary  in  the  epigynous 
flower  is  formed  from  the  cup-like  flower-axis,  and  the  carpellary  leaves 
only  produce  the  styles  and  stigmas.  Comparative  morphology  has  rightly 
contradicted  this  interpretation,  which,  however,  is  still  found  in  many  books. 
As  the  history  of  development  shows  ^,  the  carpels  share  in  the  construction 


^  Vidal,  Recherches  sur  le  sommet  de  Taxe  dans  la  flenr  des  Gamop^tales,  Thbe  de  Paris, 
Grenoble,  1900. 

'  Goebel,  Zur  Entwicklimgsgeschicbte  des  nnterstandigen  Frachtknotens,  in  Botanische  Zdtnng, 
xliv  (1816),  p.  739;  Schaefer,  Bdtiag  znr  Entwicklnngageschichte  des  Frachtknotens  nnd  der 
Placenten,  in  Flora,  Ixxiii  (1890). 
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of  the  ovarian  cavity,  and  the  ovules  have  no  other  origin  than  that  which 
is  found  in  the  superior  ovary.  It  is  common  in  all  inferior  ovaries  that 
the  vegetative  point  becomes  at  an  early  period  more  or  less  concavely 
hollowed  out,  and  that  the  leaf-structures  of  the  flower  sprout  out  partly 
from  the  margins,  partly  from  the  inner  surface  of  this  depression.  Whether 
one  describe  the  marginal  part  of  the  flower-axis  as  a  *  congenital  con- 
crescence *  of  the  different  leaf-whorls  of  the  flower  is  an  arbitrary  matter, 
because  the  flower-axis  ends  its  active  existence  with  the  bringing  forth  of 
the  leaf-structures  of  the  flower  *.  The  earlier  the  flower-axis  assumes  the 
cup-like  form,  the  more  will  we  in  general  ascribe  its  character  to  the 
flower-axis;  the  later  this  form  is  assumed,  the  more  will  its  features 
approach  the  more  primitive  condition  as  we  find  it  in  hypogynous 
flowers.  Where,  as  for  example  in  many  Cactaceae,  the  outer  surface  of 
the  inferior  ovary  is  able  to  produce  leaves  and  lateral  shoots,  we  can  have 
no  doubt  about  its  axial  nature;  the  flower-axis  has  here  become  drawn 
into  the  formation  of  the  ovary  at  a  late  period.  In  other  cases,  however, 
this  takes  place  very  early,  and  then  the  axis  appears,  as  has  been  said,  to 
pass  right  back  into  the  leaf-structures  of  the  flower. 

{a)    The  Vegetative  Paint  of  the  Flower-axis  is  not  used  up. 

In  the  flowers  of  many  Rosaeflorae  we  find  transitions  from  pcrigynous 
to  hypi^ynous  flowers,  and  amongst  these  we  have  the  flowers  of  some 
Pomeae. 

Pyrufl  Mains.  Fig.  371,  1-6,  exhibits  the  development  of  the  ovary  of 
Pyrus  Malus.  The  flower-axis  has  already  become  cup-like  in  Fig.  371,  i, 
and  the  five  carpels  appear  as  papillae  upon  the  hollowed-out  inner  surface. 
They  take  up  the  whole  inner  margin  of  the  cavity,  but  at  the  base  there  is 
visible — and  even  at  later  stages  it  is  so — the  flattened  vegetative  point  of 
the  flower,  v.  From  now  onwards  we  should  have  an  ordinary  perigynous 
flower  in  which  the  carpels  alone  produce  the  ovary,  if  the  shaded  zone, 
Fig.  371,  4,  in  one  carpel  to  the  right  exhibited  a  strong  intercalary  growth 
corresponding  with  the  distribution  of  growth  in  the  leaves  of  most  angio- 
spermous  plants.  But  this  is  not  the  case.  What  happens  is  that  the 
ovarian  cavity  is  formed  by  the  growth  of  the  zone.  Fig.  371,  4,  which  is 
shaded  to  the  left  *.  This,  however,  involves  both  the  flower-axis  and  the 
base  of  the  carpels  which  quite  cover  its  inside.  The  ovarian  cavity,  which 
is  produced  by  the  growth  of  the  zone,  is  then  clothed  on  the  inside  by  the 
carpellary  leaves,  and  we  need  not  be  surprised  therefore  that  the  placentation 
is  quite  the  same  as  in  the  superior  ovary.  We  have  to  deal  here  with 
a  common  growth  of  the  torus  and  the  carpels  *,  and  this  is  a  widely-spread 

^  And  this  is  naturally  expressed  also  in  the  anatomical  stmctnre. 

'  This  is  a  further  illustration  of  the  fact  that  relatively  small  displacements  of  a  zone  of  growth 
may  lead  to  great  results.  '  See  p.  556. 
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phenomenon  in  the  v^etative  shoots  also,  for  example  in  the  encrusting  of 
the  shoot-axis  in  Chara,  and  in  the  formation  of  the  leaf-cushions  of  many 
Coniferae.  We  find  the  same  in  other  investigated  cases,  and  it  is  clear 
therefore  that  the  view  that  the  carpels  only  form  the  styles  is  quite 
untenable. 


{b)    The   Vegetative  Point  of  the  Flower^axis  is  used  up, 

Umbelliferae.  We  may  cite  as  an  illustration  of  this  the  case  of  the 
Umbelliferae  (Fig.  371,  7-9). 
The  features  that  we  have 
seen  in  Acer  are  repeated 
here,  but  they  are  complicated 
by  the  fact  that  the  carpels 
are  not  free,  but  are  united 
on  their  outer  surface  with  the 
vegetative  point  of  the  flower. 
The  two  soles  of  the  carpels 
upon  which  the  ovules  arise 
are  united  with  one  another, 
and  they  form  a  septum.  In 
each  chamber  are  two  ovules, 
of  which  one — that  turned  up- 
wards— is  regularly  aborted, 
whilst  the  other  develops 
further.  The  ovules  were 
originally  laid  down  at  the 
base  of  the  ovary,  but  there- 
after, by  the  further  growth 
in  the  young  ovarian  cavity, 
were  pushed  upwards. 

Valerianaoeae.  This 
process  takes  place  also  else- 
where, for  example  in  the 
Valerianaceae.  In  them  we 
find  three  carpels,  and  a  tri- 
locular  ovary  is  laid  down, 
but  there  is  an  ovule  in  only 
one  chamber,  and  this  cham- 
ber is  always  much  larger 
than  the  others.  The  two  other  carpels  share  only  in  the  formation  of 
the  style  and  the  stigma.  In  Fig.  372,  /,  a  young  flower  of  Valeriana 
Phu  is  shown  in  longitudinal  section.    A  comparison  of  /  and  ///  shows 


\S(l 


PlO.  371.  1-6,  Pynifl  Mains,  i,  yoang  flower  in  longitadinal 
section;  v,  ve{|;etative  point  of  the  flower ;y^  carpeL  a-5,  older 
stages  of  the  same,  o,  ovary  in  transverse  section ;  f ,  vegeta- 
tive point  of  the  flower ;  scl  ovule.  7,  Eryngiom  maritimatn. 
Young  flower  in  longitudinal  section ;  5*,  vegetative  point  of  the 
flower;  j/,  stamen;  ef^  carpel.  8,  9,  Angelica  sylvestris.  8, 
Young  flower  in  longitndinsu  section ;  ski ,  tk%  two  ovules  in 
an  ovarian  locnlus  of  which  one  directed  upwards  {ski  in  right 
loculus)  aborts;  si^  incipient  stamen;  A^  axis.  9,  jroung  ovary 
in  transverse  section ;  the  ovules  are  parietal  and  arise  in  the 
position  which  corresponds  with  the  concrescent  margins  of  the 
carpels.    They  are  subsequently  carried  upwards. 
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at  once  how  the  stamens  are  concrescent  with  the  tube  of  the  corolla  by 
the  further  development  of  the  zone  which  is  marked  x.  The  ovule, 
s^  is  visible  as  a  papilla  at  the  base  of  the  ovary.  The  flower-axis  is 
entirely  used  up  by  the  carpels.  In  //  the  ovule  appears  to  be  pushed 
somewhat  upon  the  right  side  by  a  unilateral  broadening  of  the  base  of  the 
ovarian  cavity.  Now  the  portion  of  the  ovarian  cavity  lying  below  the 
ovule  grows.  It  is  the  portion  between  the  dotted  lines  in  Fig,  372,  //,  and 
is  marked^.  The  ovule  must  therefore  be  pushed  up  within  the  ovary,  and 
it  hangs  later  downwards  from  the  upper  part  of  the  ovarian  cavity.  Here 
also  we  do  not  recognize  the  biological  significance  of  this  displacement, 

but  it   is  a  step  forward  to  have 

/^cx^^  ""^"^^>\         attained  to  this,  that  the  diflferent 

iv  Jlv)  /^ — ^^^^^^^  \  \      *^"^s  of  ovarian  formation  can  be 

\  Qp-Jx         t  ^ /    ^/^]  )      ''^ferred  h2icV  to  the  different  dis- 

/'      \  (r-../ ^         (  (/  TV/       tribution  of  growth  in  the  primor- 

'  *^  \      (1      I         /        ^^""^  ^^  *^^  flower,  as  this  must  be 

^  \      \^  /    /         the  point  whence  further  investiga- 

/y^^^::\  \      )a  Y    /  tion  must  take  its  start. 

/(f\^  I     /  1 1    I  In  what  has  been  said  only  a 

\j  JL    I         c  -f^  Ayr'        ^^^^^  indication  of  the  construction 

J  W^/  A        /  ^^  ^^  gynaeceum  in  the   Angio- 

l  (u  •)  /  11-5)/  spermae  has  been  attempted.     It 

^    r       •;/    *  \         /  ^^^  ^^^  seem  to  be  necessary  to 

-^   \       /  \        /  ^         enter  here  into  the  details  of  the 

'  formation  of  the  style  and  stigma, 

Fl0.37a.    Valeriana  Fhn.  Flower  in  different  develop  .   ,,                   ,                                           - 

mental  aUges  in  longittidinal  section.    /,  «,  ovule  atiU  especially    aS    these     are     expreSSlV 

Tery  yoong;  ^,  primordiom  of  style;  c,  calyx,  rudi-  •       .  t       i            i      •         t_»            r 

mentaiy;  x,  aone  in  which  corolla  and  stamens  arise  Connected  With    the   relationships  Ot 

toirether.    //,  older  flower;  #,  ovule;  y,  sone  of  jnrowth  ,,.         .  *             *       ,           .      .             ,            r 

wEkh  carries  up  the  ovule  into  the  ovary.     1/7,  still  pollmatlOn.       A    description    alSO   Of 

older  flower ;  e^  r,  calyx,  *                                     •      «           «            •            « 

the  changes  which  take  place  in 
consequence  of  the  fertilization  in  the  flower  and  the  formation  of  the 
fruit  must  be  passed  over  here,  and  a  description  of  forms  of  fruit  is  beyond 
the  scope  of  this  book.  The  relationships  of  the  configuration  of  the  ripe 
fruits  and  seeds  to  their  distribution  have  in  the  last  ten  years  so  often  been 
described  comprehensively  that  there  is  no  need  for  a  further  description. 

Biology  of  Ripening  Fruit.  Another  problem,  the  biology  of 
the  ripening  fruit,  that  is  to  say  the  relationship  between  the  formation  of 
the  fruit  and  the  life-conditions  in  their  widest  sense,  has  hitherto  scarcely 
received  attention.  I  may  say  of  it  here  only  that  in  dry  fruits  frequently 
arrangements  arise  which  make  possible  a  rapid  transpiration,  and  conse- 
quently a  more  rapid  ripening.  The  great  surface-development  which 
appears  in  these  fruits  is  in  marked  contrast  with  the  relatively  small  more 
or  less  spherical  form  which  is  found  in  most  fleshy  fruits.  Many  arrange-  • 
ments  which  have  hitherto  been  considered  merely  as  a  parachute-apparatus 
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on  the  ripe  fruit  are  in  my  view  to  be  considered  as  a  transpiration- 
apparatus  for  the  ripening  fruit,  and  these  subsequently  can  be  used  for  distri- 
bution, but  are  not  necessarily  for  this.  Thus  we  have  winged  fruits  which 
open  and  do  not  fall,  for  example  in  Sophora  tetraptera ;  the  lively  red 
and  brown  colour  in  many  ripening  pods  of  L^uminosae  may  facilitate 
also  the  outgo  of  the  water-vapour ;  and  the  same  may  be  said  of  the 
exposed  lie  of  these  fruits  through  which  many  become  easily  dried  as 
they  hang  down.  Investigation  of  the  anatomical  relationships,  and 
experiment,  can  alone  give  us  information  upon  these  points. 


C.     TRANSFORMED  FLOWERS. 

It  is  a  remarkable  fact  that  a  structure  which  is  so  peculiarly  con- 
structed and  which  is  so  markedly  different  from  the  vegetative  shoot  as 
is  the  flower,  should  yet  submit  itself  to  certain  transformations  again. 
As  transformed  flowers  we  consider  all  those  which  show  a  departure  from 
the  function  of  producing  at  least  a  single  sporophyll.  Amongst  them  we 
can  reckon  flowers  which  are  only  flags,  and  which  no  longer  take  any  share 
in  sexual  reproduction,  such  as  we  find  in  Compositae,  Viburnum  Opulus, 
species  of  Hydrangea,  Muscari  botryoides,  some  Orchideae ;  also  the  double 
flowers  mentioned  above  may  be  reckoned  at  least  partly  here.  It  has 
been  said  ^  that  probably  phenomena  of  correlation  have  to  be  considered 
here.  The  transformation  mostly  affects  the  corolla,  but  the  flower-stalk 
is  involved  in  Muscari  botryoides  and  Rhus  Cotinus  *.  More  peculiar  are 
the  following  cases : — 

Sesamum  indioum.  In  the  flower-region  below  the  normal  flowers  of 
Sesamum  indicum  some  flowers  are  transformed  into  glands.  The  primordia  of 
sepals,  petals,  and  stamens  are  to  be  found  usually  still  in  them.  The  sepals  are 
small  and  inconspicuous;  the  petals  have  become  secretion-organs,  and  appear 
as  thick,  yellow,  cylindric  bodies " ;  the  stamens  have  also  become  thick,  club-like 
secretion-organs.  The  primordium  of  the  gynaeceum  is  usually  entirely  suppressed 
or  is  only  seen  in  the  earliest  developmental  stages. 

Trifoliom  subterraneum.  In  Trifolium  subterraneum  ^  the  inflorescence 
bores  into  the  soil.  It  is  protected  against  detachment  by  the  primordia  of  the  upper 
flowers  of  the  inflorescence  being  transformed  into  organs  which  anchor  the 
inflorescence.  On  the  uppermost  of  the  transformed  flowers  all  the  calyx-lobes  are 
present,  whilst  the  other  flower-parts  are  aborted     The  further  up  the  flowers  stand 


*  See  Part  I,  p.  an. 

'  For  an  account  of  the  stages  of  development  at  which  the  transformation  takes  place,  see  Familler, 
Biogenetische  Untersnchnngen  iiber  verkiimmerte  oder  umgebildete  Sexnalorgane,  in  Flora,  Ixxxii 
(1896). 

'  See  Familler,  op.  dt. 

*  See  Warming,  in  Botanisches  Centralblatt,  xiv  (1883),  p.  157. 
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the  less  are  the  calyx-lobes  developed,  and  the  uppermost  flowers  are  only  short, 

thick,  spherical,  somewhat  crumpled  bodies,  without  a  trace  of  leaves.    But  whilst 

I  normal  flowers  possess  almost  no  stalk  these  transformed  ones  have  stalks  as  much  as 

1  two  to  four  millimetres  long.    It  is  clear  that  we  have  here  an  instructive  example  of 

i  a  gradual  transformation.    An  arrest  of  the  flower-primordia  at  different  stages  of 

development  has  taken  place,  and  then  a  transformation  in  other  directions.     The 

\  conditions  of  the  new  formation  require  experimental  investigation. 
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THE   ORGANS   OF   PROPAGATION 

Our  account  of  the  sporophyte  of  the  Pteridophyta  and  Spermophyta 
has  hitherto  been  concerned  with  the  vegetative  organs  only,  which  as  bearers 
of  oi^ans  of  propagation  may  experience  peculiar  transformations — a  pheno- 
menon which  we  have  also  observed  in  the  gametophyte  of  the  Bryophyta. 
The  sporafigia  are  the  organs  of  propagation  of  the  sporophyte. 

Whilst  in  the  Bryophyta  the  whole  sporophyte  is  made  use  of  in  the 
formation  of  spores,  and  with  reference  to  its  function  therefore  can  be 
designated  as  otie  sporangium^  the  other  Arch^oniatae  and  the  Spernio- 
ph)^a  devote  only  a  relatively  small  portion  of  the  whole  plant  to  the 
formation  of  spores,  which  arise  in  the  special  structures — the  sporangia. 
The  possession  of  more  or  less  large  vegetative  organs  which  may  repeat 
the  spore-formation,  often  one  year  after  another  for  a  considerable  time, 
permits  of  the  formation  of  a  large  number  of  spores.  In  the  tree-ferns 
there  may  be  millions.  That  the  pollen-sac  and  ovule  {nucellus)  in  the 
Spermophyta  are  merely  sporangia  is  now  generally  recognized. 

I  propose  to  give  here  a  short  comparative  account  of  the  construction 
of  the  sporangium,  with  special  reference  to  the  connexion  between  its 
structure  and  its  function. 

I 
THE  SPORANGIUM 

The  (unction  of  the  sporangium  is  twofold. 

{a)  to  produce  the  spores ; 

{b)  to  scatter  the  spores^. 

Other  organs  of  the  plant  besides  the  sporangia  are  involved  in  these 
functions  inasmuch  as  they  furnish  the  necessary  building-material  to  the 
sporang^ia,  and  they  bring  them  into  a  position  which  facilitates  the  sowing 
of  the  spores.  When  speaking  of  the  sporophyll  this  was  pointed  out. 
Now  in  considering  these  functions  we  have  to  look  at 

{a)  the  construction  of  the  sporangium  in  the  mature  condition ; 

{b)  the  course  of  the  development  of  the  sporangia. 

Embedded  and  Free  Sporangia.  Sporangia  may  be  embedded 
or  may  be  free  *.     Embedded  sporangia  are  enclosed  in  the  tissue  of  the 


'  The  towing  of  the  spores  is  not  a  function  of  the  megasponngia  in  the  Maisiliaoeae,  SalTiniaceae, 
and  Spennophyta,  nor  of  the  microtporangia  in  the  Salviniaceae  and  Marsiliaceae. 
'  As  is  the  case  with  antheridia  and  archegonia,  see  p.  173. 
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sporophyll.  Free  sporangia  project  beyond  this,  and  are  therefore  provided 
usually  with  a  shorter  or  longer  stalk,  which  during  their  youth  conducts 
the  nutritive  material  and  in  the  adult  gives  the  sporangium  a  favourable 
lie  for  the  sowing  of  the  spores.  As  transitions  between  embedded  and 
free  sporangia,  we  have  the  unstalked  sporangia  of  the  Equiseta  which, 
with  a  broad  base,  sit  on  the  sporophyll.  Sporang^  in  Ophioglossum  are 
embedded ;  so  also  are  the  microsporangia  of  most  Spermophyta.  In  the 
Coniferae  both  types  appear,  as  well  as  forms  which  may  be  considered  as 
transitions  ^.  The  embedding  of  the  sporangia  favours  their  nutrition.  The 
free  position  and  the  existence  of  a  stalk  favours  the  scattering  of  spores. 
The  tissue  of  a  young  sporophyll  of  Ophioglossum  pedunculosum  within 
which  the  sporangia  are  sunk  will  be  found  to  be  gorged  with  starch,  and 
probably  also  other  reserve-materials  which  are  used  up  by  the  ripening 
sporangia.  Sporangia  which  throw  out  their  spores  are,  so  far  as  I  know, 
never  embedded.  The  transition-forms  between  embedded  and  stalked 
sporangia,  as  we  shall  presently  see  them  in  Botrychium,  offer  a  subject  for 
our  special  attention,  as  they  enable  us  to  obtain  some  insight  into  the 
origin  of  the  stalk.  We  may  ascribe  it  either  to  the  sporangium  itself  or 
to  the  sporophyll ;  the  question — to  which  of  them — appears  of  itself  to  be 
somewhat  unimportant,  but  is  of  significance  for  a  critical  judgement  on  the 
connexion  between  the  several  forms  of  sporangia,  especially  also  for  the 
interpretation  of  the  megasporangium  of  the  Spermophyta.  An  attempt 
will  be  made  below  to  show  that  the  history  of  the  stalk  is  not  the  same 
in  all  sporangia,  but  that  the  leptosporangiate  Filicineae  are  specially  dis- 
tinguished from  the  eusporangiate  Filicineae  and  the  other  Pteridophyta  by 
the  formation  of  the  stalk  of  their  sporangium. 

The  Relationships  of  Symmetry  of  Sporangia.  The  sporogonia 
of  the  Bryoph)^a  are  constructed  radially  in  by  far  the  greater  number 
of  instances.  Where  a  dorsiventrai  form  appears,  as,  for  example,  in 
Diphyscium  and  some  other  Musci,  we  are  able  to  trace  it  to  a  change 
from  the  radial  construction  which  b^ins  earlier  or  later,  and  which 
stands  in  relationship  to  the  distribution  of  the  spores,  and  is  caused  by 
external  factors,  especially  unilateral  illumination.  The  sporangia  of  the 
Pteridophyta  are  never  radial,  apart  from  those  of  the  Salviniaceae  and 
Marsiliaceae,  where,  however,  we  must  consider  them  as  reduced  structures. 
Most  sporangia  are  dorsiventrai,  as  for  example  in  Equiseta,  Polypodiaceae, 
Schizaeaceae,  Osmundaceae,  Lycopodium  inundatum ;  others  are  bilateral 
or  at  least  nearly  so,  as  in  most  of  the  Ophioglossaceae  and  Lycopodineae. 
We  must  inquire  how  far  the  relationships  of  symmetry  of  the  sporangia 
are  related  to  the  distribution  of  spores,  and  we  shall  show  that  such 
relationships  are  very  clearly  visible  in  a  number  of  cases  where  the 


'  Embedded  in  Abietineae ;  free  in  Cnpressineae ;  Eqoisetum-like  in  Aniucaria  and  others. 
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conformation  of  the  sporangium  is  asymmetric,  as  in  the  Hymenophyllaceae. 
The  direction  in  which  the  sporangium  opens  is  specially  dependent  upon 
its  conformation  and  lie,  a  relationship  about  which  more  must  be  said  as 
it  has  hitherto  received  far  too  little  attention. 

We  can  clearly  recogjnize  in  some  cases  that  the  outer  conformation 
of  the  sporangium  stands  in  relation  to  the  place  of  its  appearance.  If 
a  sporangium  of  Botrychium  standing  free  upon  a  sporophyll  approaches 
the  spherical  form,  if  the  sporangium  of  a  Lycopodium  lying  parallel  to  the 
surface  of  the  leaf  in  whose  axil  it  stands  possesses  the  greatest  extension, 
we  scarcely  require  to  point  out  the  relationship  between  the  conformation 
and  the  lie.  The  sac-like  sporangia  of  Equisetum  are  also  so  formed 
that  they  fit  under  the  space  which  is  made  by  the  peltate  sporophyll. 
Analogous  cases  are  found  in  the  Hymenophyllaceae.  In  other  cases, 
however,  such  simple  relationships  are  not  probable. 

Arrangement  for  Distribution  of  Spores.  The  arrangement 
for  the  distribution  of  spores  consists,  in  the  first  instance,  in  a  characteristic 
structure  of  the  wall  of  the  sporangium,  just  as  the  structure  of  the  wall  of 
the  antheridium  of  the  Bryophyta  and  Pteridophjrta  is  arranged  for  the 
distribution  of  the  spermatocytes,  only  that  by  far  the  greater  number  of 
the  spores  are  adapted  to  distribution  by  air-currents,  not  by  water,  as  is 
the  case  with  the  spermatocytes.  In  the  relatively  small  number  of  cases 
in  which  the  spores  are  spread  by  the  water,  as  in  the  Marsiliaceae, 
Salviniaceae,  and  Isoetaceae,  the  sporangial  wall,  so  far  as  we  know,  does 
not  take  an  active  share  in  the  opening;  it  has  a  very  simple  construction 
probably  as  the  result  of  reduction,  and  it  finally  withers.  We  thus  have 
in  them  phenomena  which  recall  the  aquatic  Bryophyta,  such  as  Riella, 
which  ripen  their  sporogonia  under  water.  In  the  sporangia  which  discharge 
their  spores  into  the  air  we  find  arrangements  in  the  wall-structure  for  its 
opening,  and  frequently  also  for  the  scattering  of  the  spores.  A  point  of 
opening  which  we  may  designate  the  stomiutn  occurs  in  all  sporangia  which 
dischai^e  their  spores  into  the  air^.  The  cells  of  the  sporangial  wall 
condition  by  their  characteristic  structure  the  emptying  of  the  sporangium 
of  the  spores,  whether  these  be  only  exposed,  be  slowly  pressed  out,  or  be 
ejected.  Other  arrangements  for  distribution,  that  is  to  say  arrangements 
not  conditioned  by  the  construction  of  the  wall  of  the  sporangium,  are 
found  only  in  Equisetum  and  Polypodium  imbricatum  in  the  conformation 
of  the  organs  which  have  been  erroneously  named  *elaters,'  although 
neither  in  structure  nor  in  function  are  they  like  the  elaters  of  the 
sporangia  of  Hepaticae. 

'  Elaters '  in  Equisetum.  It  is  well  known  that  the  spores  of  Equisetum  are 
provided  with  two  membranous  bands  which  are  foraied  by  splitting  of  the  episporium, 


^  Notwithstanding  what  is  said  in  the  latest  literatoie. 
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and  which  when  dried  spread  out  but  when  moistened  coil  up  round  the  spore. 
They  have  been  considered  as  means  for  spreading  the  spores  as  these,  when  they  are 
shed,  if  they  come  in  contact  with  alternating  moist  and  dry  air,  undergo  movements 
in  space.    As  the  spores  could  in  this  way  approach  one  another  as  well  as  move 
apart  no  scattering  of  them  is  associated  with  this  movement.    The  question  therefore 
is,  How  do  the  •  elaters '  behave  in  the  opening  of  the  sporangium  ?    De  Bary  has 
made  an  incidental  communication  upon  this  subject  which  I  here  quote  ^ :  '  If  one 
leaves  a  dehiscing  spike  of  sporangia  quiet  in  dry  air  the  spores  are  pressed  slowly 
out  of  their  receptacles  in  consequence  of  the  progressive  crumpling  through  drying 
of  the  wall  of  the  sporangium.    The  "  elaters  "  of  each  spore  at  the  same  time  stretch 
themselves.    As,  however,  they  never  can  become  qutU  straight,  and  as  also  on  account 
of  the  roughness  of  their  outer  surface  they  hook  and  interlock  one  with  another,  after 
a  time  there  come  in  this  way  large,  loose,  woolly  flocks  together  which  are  easily 
broken  up  into  small  flocks.'    These  flocks  consist  always  of  many  spores  which  are 
therefore  sown  together — an  arrangement  which  receives  its  explanation  in  the  fact 
that  the  prothalli  of  Equisetum  are  normally  dioecious '.    The  *  elaters '  then  hinder 
a  segregation  of  the  spores.    I  would,  however,  add  to  what  De  Bary  says  that  I  think 
this  is  not  the  only  function  of  the  '  elaters,'  but  that  they  also  serve  as  a  parachute, 
for  the  spores  embedded  in  the  loose  flocks  ofler  a  larger  surface  to  the  wind.     If  the 
spore-flocks  reach  moist  ground  they  become  smaller  by  the  coiling  up  of  the  '  elaters,' 
and  heavier  by  the  taking  up  of  water.    The  ^  elaters '  also  act  to  a  certain  extent  in 
temporarily  fastening  the  spores  to  the  substratum  by  their  roughness,  whilst  from 
a  dry  place  the  flocks  are  again  easily  blown  away.    The  spores,  however,  are  not 
arranged  for  long  flight  in  the  air  as  they  quickly  lose  their  capacity  for  germination. 
*  Elaters'  in  Folypodium  imbrioatmn*    Within  the   sporangium  of  this 
epiphytic  fern  are  found  besides  the  spores  fine  hygroscopic  fibres  which  are  slightly 
cuticularized  and  which  arise  out  of  the  plasm  of  the  degenerated  tapetal  cells '.    The 
function  of  these  '  elaters '  is  here  unknown.    Karsten  thinks  that  they  contribute  to 
the  loosening  of  the  spore-mass  lifter  the  rupture  of  the  sporangia,  but  this  could 
scarcely  be  the  case,  seeing  that  in  the  sporangia  of  the  Polypodiaceae,  which  are 
provided  with  an  annulus,  the  spores  are  not  gradually  pressed  out  as  in  Equisetum 
but  are  thrown  out  all  at  once*.     I  think  Karsten's  further  suggestion  is  better 
founded,  *  that  by  their  not  inconsiderable  length  they  favour  the  fixation  in  moist 
weather  of  the  relatively  large  spores  to  the  tree-stems,'  in  the  same  way  as  Beccari 
has  shown  that  tufts  of  hairs  on  the  seeds  of  Asclepiadeae  act.    At  any  rate  these 
structures  have  no  more  right  to  be  called  '  elaters '  than  have  the  structures  so-called 
in  the  Equiseta.     Further  investigation  must  show  whether  or  not  they  are  found 
elsewhere  amongst  the  ferns. 

Differences  in  Structure  of  the  Sporangial  Wall.    The 
wall  of  the  sporangium  is  specially  adapted  to  the  distribution  of  the  spores 


^  De  Bary,  Notiz  iiber  EUteren  von  Equisetum,  in  Botanische  Zeitung,  xxzii  (iSSi),  p.  782. 

*  See  p.  195.  »  See  p.  596. 

*  Karsten,  Die  Elateren  von  Folypodium  imbricatnm,  in  Flora,  Ixxix  (Eiganzungsband  zum 
Jahrgang  1894),  p.  87. 
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by  a  special  structure  of  the  cells,  in  particular  by  peculiar  thickenings  of 
the  cell-membrane.  There  is  a  great  multiplicity  of  details,  but  there  is 
one  feature  that  must  be  specially  mentioned  as  I  do  not  find  that  it  has 
hitherto  been  carefully  considered.  Wherever  in  the  Pteridoph)^a  and 
Gymnospermae  there  are  specially  thickened  cells — active  cells — of  the  wall 
of  the  sporangium  serving  as  an  opening  or  scattering  mechanism,  these 
always  belong  to  the  outermost  celUlayer  of  the  sporangial  wall^^  which  in 
many  cases  is  the  only  one  present  in  the  ripe  sporangium.  In  Angio- 
spermae  this  is  never  the  case  ^.  Even  where  apparently  the  active  cells,  as 
they  may  be  called,  belong  to  the  outermost  layer  this  is  not  really  so. 
This  is  a  difference  which  we  cannot  well  say  is  of  great  functional 
significance,  yet  it  is  of  great  interest  from  the  comparative  morphological 
standpoint,  because  we  have  regarded  for  long,  and  rightly  so,  the  structure 
of  the  wall  of  the  sporangium  as  an  important  systematic  mark.  We  shall 
presently  speak  about  the  genetic  relationships  of  the  sporangium,  and 
endeavour  to  answer  by  individual  instances  the  question  of  the  relationship 
between  conformation  and  function  in  the  sporangia  of  the  several  groups. 

Division  of  Labour  in  Sporangia.  The  division  of  labour 
between  microsporangia  and  megasporangia  that  is  foimd  in  the  three 
classes  of  the  Pteridophyta  which  now  possess  living  representatives 
furnishes  us  with  one  of  the  most  remarkable  illustrations  of  'parallel 
formations  *  in  the  plant  kingdom.  We  start  in  the  group  from  isosporous 
forms,  but  we  have  not  yet  succeeded  in  tracing  back  the  division  of  labour 
to  an '  adaptation.'  We  have  already  seen,  when  speaking  of  the  germination 
of  spores^,  that  in  the  heterosporous  forms  the  spores  as  they  leave  the 
mother-plant  are  *  induced '  to  a  definite  limited  development  which  is  little 
dependent  upon  external  conditions.  In  Equisetum  there  is  so  far  biologi- 
cally an  approach  to  this  behaviour  inasmuch  as  the  *  induction '  is  practically 
a  consequence  of  the  manner  of  the  distribution  of  the  spores.  The  spores 
are  indeed  all  potentially  alike,  but  through  the  scattering  of  many  together 
it  follows  that  the  conditions  of  nutrition  are  not  equally  alike  for  all,  and 
the  worst  nourished  will  give  male  prothalli.  When  the  development  of 
the  sporangia  is  considered,  it  will  be  shown  that  the  separation  of  micro- 
sporangia  and  megasporangia  appears  at  different  stages  in  the  development 
of  the  Filicineae  and  Lycopodineae ;  the  most  extreme  case  is  again  offered 
by  the  Spermophyta.  Our  short  account  of  the  mature  sporangium  will  follow 
the  same  sequence  of  groups  as  that  adopted  when  the  construction  of  the 
g^metophjrte  was  described,  because  in  the  Lycopodineae,  with  the  exception 
of  Selaginella,  and  in  Equisetineae  less  specialized  arrangements  are  to  be 
found  than  in  the  Filicineae,  especially  the  Leptosporangiate  Filicineae. 

^  With  the  exception  of  Ginkgo.  See  Goebel,  Morphologische  and  biologische  Bemerknngen  ; 
13.  Ober  die  Pollenentleenmg  bci  einigen  Gymnospennen,  in  Flora,  xci  (190a),  p.  253. 

*  Some  Ericaceae  are  an  exception.  See  Artopoens,  Uber  den  Bau  and  die  Offnongsweise  der 
Antheren  and  die  Entwicklung  der  Samen  der  Ericaceen,  in  Flora,  xcii  (1903),  p.  309.        •  See  p.  189. 
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II 

THE  MATURE  SPORANGIUM  OF  THE  PTERIDOPHYTA 

A.    LYCOPODINEAE\ 

We  have  in  this  group  two  kinds  of  sporangia  to  consider. 

I.  Lycopodium,  and  Phylloglossum  which  is  perhaps  not  generically 
separated  from  it,  as  well  as  Selaginella,  possess  solitary  sporangia  sessile 
upon  the  sporophylls. 

a.  In  the  Psilotaceae  there  are  two  sporangia  on  the  sporophylls,  as  in 
Tmesipteris  (Fig.  336),  or  three  to  four. 

We  shall  leave  unanswered  the  question  whether  the  sporangia  of  the 
second  group  are  the  result  of  the  *  concrescence  *  of  separate  sporangia,  or 
of  the  division  of  a  single  sporangium  *  by  the  development  of  plates  of 
sterile  tissue.  At  any  rate  they  are  so  far  independent  that  each  opens  by 
a  special  longitudinal  split.  It  may  be  also  stated  that  in  Tmesipteris  the 
formation  of  one  of  the  two  sporangia  may  be  entirely  suppressed.  The 
single  sporangia  of  Lycopodium  and  Selaginella  also  open  by  a  longitudinal 
split,  but  this  does  not  reach  the  stalk.  The  line  of  opening  is  always 
prepared  for.  The  opening  is  brought  about  by  the  structure  of  the  cells 
of  the  outermost  cell-layer  of  the  wall  of  the  sporangium.  The  side-walls 
of  these  cells  are  thickened  equally  in  Psilotaceae  and  Selaginella,  unequally 
in  Lycopodium  and  Phylloglossum,  and  show  the  lignin-reaction  with 
phloroglucin  ^,  whilst  the  outer  wall,  if  it  is  thickened  apart  from  the  cuticle, 
shows  a  cellulose-reaction.  This  is  the  common  character  of  the  structure 
of  the  sporangial  wall  in  Lycopodineae.  As  regards  individual  cases  we 
may  remark*: — 

Psilotaceae. 

The  Psilotaceae  have,  besides  the  outer  layer  of  the  sporangial  wall, 
many  inner  ones  which  furnish  material  for  the  formation  of  the  relatively 
numerous  and  large  spores,  and  of  course  also  act  as  an  effective  protection 
to  the  ripening  spores. 

Tmesipteris.  Tmesipteris  is  a  remarkable  exception,  according  to 
Leclerc  du  Sablon*,  because  its  outer  layer  also  consists  of  cells  with 
lignified  outer  walls,  and  in  consequence  the  usual  causes  of  dehiscence 


^  We  exclude  Isoetes  from  this  class  for  the  reasons  already  stated.    See  p.  17a,  footnote  5. 
'  I  observed  in  Lycopodium  clavatum  the  occasional  division  of  the  sporangium,  which  reached 
either  only  up  to  the  stalk  or  also  into  this. 

*  Tn  Psilotum  the  lignified  layer  also  still  shows  a  cellulose-reaction. 

*  In  the  following  I  do  not  deal  with  the  mechanism  of  the  opening  of  the  sporanginm,  but  only 
with  the  question  how  far  the  different  forms  of  sporangia  in  a  group  can  be  referred  to  a  common 
fundamental  *  type.' 

'  Leclerc  du  Sablon,  Recherches  sur  la  dissemination  des  spores  dans  les  Cryptogames  vasculaires, 
in  Annales  des  sciences  naturelles,  s^r.  7,  ii  (1885),  p.  24. 
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have  disappeared  ;  on  the  other  hand  the  sub-epidermal  cells  are  lignified. 
But  I  find  the  following:  the  middle  lamella  of  the  lateral  cell-walls  is 
lignified,  and  the  lignin-reaction  is  also  stronger  at  the  point  where  the  cells 
stand  in  contact.  The  inner  layer  of  the  cell-wall  is  present  in  exceptional 
amount  only  under  the  position  of  opening,  which  is  quite  the  same  as  what 
we  find  in  Lycopodium  clavatum  which  will  be  mentioned  below.  In  the 
outer  cell-wall  a  subcuticular  layer  more  often  colours  red,  but  a  complete 
lignification  of  the  outer  cell-wall  I  never  found,  nor  can  I  discover  that  in 
Tmesipteris  there  is  an  essentially  different  construction  from  that  in  the 
other  Lycopodineae. 

Lycopodieae. 

Lycopodium.  Here,  as  in  Selaginella,  the  wall  of  the  sporangium 
apart  from  the  tapetal  cells  consists  usually  of  two  cell-layers  when  ripe^. 
The  majority  of  cells  of  the 
outer  layer  of  the  wall,  for 
example  in  Lycopodium  cla- 
vatum, have  an  undulated 
outline,  and  possess  thickened 
ridges  at  the  points  of  bending 
of  the  cell-wall  (Fig.  373,  I). 
They  recall  the  nature  of  the 
same  cell-layer  in  the  wall  of 
the  microsporangia  of  many 
Coniferae,  for  example  some 
Cupressineae.  In  the  lower 
portion  of  the  sporangium  the 
cells  are  elongated,  the  thick- 
ened ridges  frequently  extend 
and  join  into  half-hoops,  and 
thus  lead  on  to  the  character 
of  the  wall-cells  in  Lycopodium 
inundatum,  for  example,  where  the  half-hoop-thickening  is  specially  evident. 
The  cells  which  limit  the  line  of  separation  approach  more  nearly  rect- 
angular form.  The  statement  of  a  recent  author  that  there  is  in  the 
Lycopodiales  'positively  no  contrivance  for  dehiscence,  and  no  vestige  of 
an  annulus  or  stomium^'  is  incorrect.  The  stomium  is  quite  evident, 
not  only  through  the  cells  in  the  line  of  opening  being  differently  con- 
structed— usually  lower  than  are  the  others — but  also  by  their  behaviour 

^  In  many  the  lower  portion  of  the  sporangium  has  an  increased  namber,  for  example  in  Lycopodium 
inundatum. 

'  See  R.  Wilson  Smith,  The  Structure  and  Development  of  the  Sporophylls  and  Sporangia  of 
Isoetes,  in  Botanical  Gazette,  xxix  (1900),  p.  331.  The  error  is  probably  the  result  of  the  examination 
of  longitudinal  sections  only. 

P  p  r^ 


Pig.  373.    Lycopodinm  clavatam.      .  , 
sporanjpum  in  sarfaoe  view;  «/,  stomiom.    II,  portion 
of  sporangiom  in  longitudinal  section ;  sL  ttCMmam^cel 
rated  from  one  another  by  the  cut,  the  thickenings  of  t 


cells  are  shaded. 


I,  portion  of  the  wall  of 

II,  portion  of  wall 

stcmuam^cells  sepa- 

'the  wall- 
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otherwise.  I  may  shortly  describe  this  in  Lycopodium  clavatum.  If  one 
adds  phloroglucin  to  a  surface-section  such  as  that  shown  in  Fig.  373,  I  \ 
the  opening  cells  will  appear  as  a  red  band  which  is  easily  visible  to  the 
naked  eye.  In  the  ordinary  wall-cells  here  *  it  is  the  side-walls  only  which 
are  lignified,  especially  at  the  thickened  portions.  At  the  stomium^  the 
inner  wall,  to  which  the  thickening  may  have  spread,  is  also  lignified. 
Doubtless  this  is  of  importance  for  the  opening  mechanism.  An  annulus 
is  at  any  rate  not  specially  formed.  Almost  all  the  cells  of  the  wall  of  the 
sporangium  by  their  structure  bring  it  about  that  as  they  dry  they  cause 
movements  which  lead  to  the  opening. 

The  ejection  of  the  spores  has  not  been  observed  in  isosporous 
Lycopodineae.  I  could  only  see  in  Lycopodium  annotinum  that  in  the 
wide-open  sporangium  when  the  sporangial  wall  dried  the  spores  lay 
in  a  loose  mass  which  projected  somewhat,  and  the  spores  could  then  be 
carried  away  by  the  wind.  This  would  be  facilitated  by  the  rolling  back 
of  the  margins  and  the  apices  of  the  sporophylls. 

Selaginella.  There  are  remarkable 
phenomena  in  this  genus*.  In  the  first 
place  there  is  a  difference  in  structure  be- 
tween microsporangia  and  megasporangia 
which  is  of  importance  for  the  physiology  of 
propagation.  Both  kinds  of  sporangia  open 
(Fig.  374).  The  megaspores  as  well  as  the 
microspores  are  ejected  in  the  process  of 
opening  of  the  sporangium,  the  megaspores 
much  further  than  the  microspores.  In 
Fig«  374  a  megasporangium  and  a  micro- 
sporangium  are  shown  from  the  narrow  side, 
both  with  the  same  slight  magnification.  They  have  split  in  two  valves  which 
do  not  reach  to  the  base,  and  they  also  show  two  lateral  lines  of  splitting 
(Fig.  374,  r,  r).  In  the  alveolar  lower  portion  of  the  megasporangium  there 
appears  very  evidently  a  stripe  of  cells  passing  out  on  each  side  from  the 
stalk.  This  is  the  hinge,  and  it  is  composed  of  low  thin-walled  cells  (Figs. 
375>  376)  very  different  from  the  other  cells  of  the  wall.  When  the 
sporangium  opens  the  two  valves  bend  out  from  one  another  with  such 
force  that  the  sporophyll  is  bent  downwards,  and  then  the  four  spores  are 


Pig.  374.    Selarindla  erythro^.    I,  me- 

Sksporang^iom.    IIj  microsporangiain  in  pro- 
c  /-,  position  of  the  hinge ;  r,  r,  poaitioa  of 
the  lateral  apliu. 


^  This  was  taken  from  a  sporangium  which  was  not  quite  ripe  but  possessed  well-developed  spores. 

*  It  is  different,  for  example,  in  Lycopodium  Selago. 

*  That  is  to  say  the  nearly  rectangular  cells,  frequently  also  those  at  their  sides. 

^  See  Goebel,  Archegoniatenstudien :  IX.  Sporangien,  Sporenverbreitung  and  Bluthenbildung  bei 
Selaginella,  in  Flora,  Ixxxyiii  (1901),  p.  207.  I  treat  here  in  some  detail  of  the  relatively  far- 
reaching  adaptations  in  the  structure  of  the  spores  of  the  Selaginella,  especially  in  relation  to  the  spore- 
distribution,  because  these  have  been  expressly  denied  by  R.  Wilson  Smith,  The  Structure  and 
Development  of  the  Sporophylls  and  Sporangia  of  Isoetes,  in  Botanical  Gazette,  xxix  (1900). 
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suddenly  thrown  out.  A  surface- view  of  the  sporangium  shows  that  when 
this  has  taken  place  the  whole  sporangium  has  experienced  a  change  in 
form.  In  this  the  lower  portion  of  the  sporangium  plays  an  important  rdle. 
As  the  process  of  drying  proceeds  it  becomes  narrower  and  longer,  the 
convex  outer  walls  endeavour  to  straighten  themselves  and  approach  one 
another  (Fig.  ^J^y  to  the  right),  and  this  movement  is  rendered  possible 
through  the  thin  hinge-cells  which  are  in  consequence  pushed  outwards. 
During  this  movement  the  megaspores  are  thrown  out  suddenly  by  it.  In 
the  microsporangium  the  formation  of  the  hinge  is  only  slight.  A  com- 
parison of  the  two  forms  of  sporangia  shows  very  clearly  how  structure  and 
function  are  connected,  and  that  this  mechanism  is  much  more  developed 
in  the  megasporangium  of  Selaginella  as  compared  with  Lycopodium.  In 
the  outlines  of  their  structure 

the  microsporangium  of  Sela-  \_  Q 

ginella  and  the  sporangium  of 
Lycopodium  conform  with 
one  another,  but  the  mega- 
sporangia  of  Selaginella  show 
a  much  greater  specialization 
which  is  evidently  of  advan- 
tage and  requires  no  further 
demonstration. 

Having  in  view  the  mul- 
tiplicity of  forms  in  the  spo- 
rangia of  the  Filicineae  and 
their  not  always  clear  rela- 
tionships, it  may  be  asked 
whether  there  is  any  relation 
between  the  manner  of  open- 
ing of  the  sporangium  of  the 
Lycopodineae  and  the  con- 
formation which  it  presents.  This  may  be  answered  in  the  affirmative. 
The  sporangia  of  the  Lycopodineae  are  either  dorsiventral  or  bilateral, 
and  the  opening  takes  place  in  such  a  way  that  the  spore-masses  can  be 
most  easily  and  most  completely  cleared  out.  We  may  compare  the  form 
of  a  sporangium  in  Lycopodium,  if  we  leave  out  of  account  the  stalk, 
with  a  gold-purse :  the  opening  runs  along  the  length  of  the  broad  side, 
not  across  it.  In  the  Psilotaceae,  mutatis  mutandis^  we  have  the  same. 
It  is  clear  that  if  the  sporangia  stand  nearly  upright  the  opening  will  be 
best  along  the  apical  line  of  the  sporangium,  for  there  it  will  best  serve 
for  the  distribution  of  the  spores.  Where  we  find  exceptions  to  this  they 
demand  an  explanation.  Two  cases  seem  to  be  possible:  either  the  de- 
viation is  a  consequence  of  inner  causes,  that  is  to  say  without  connexions 


Pig.  475.  Sdaginella  erythropos.  Surface-view  of  a  portion  of 
the  wall  of  the  sporangium ;  6^  position  of  the  hinge,  the  more 
thickened  cells  ot  the  wall  are  toe  '  atresia.*    Magnified. 


^^jCi=J. 


Fig.  576.    Selaginella  chrysocanlos.    Hinge,  G^  in  transverse 
section.    The  inner  wall-layer  is  not  shown. 
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perceptible  to  us  with  the  other  relationships  of  configuration  and  life,  or 
these  connexions  do  exist.  We  find  such  exceptions,  for  example,  in 
Lycopodium  inundatum  and  L.  cemuum^. 

Iiyoopodinm  inundatum.  I  think  this  plant  shows  that  the  de>riation 
in  the  lie  of  the  position  of  rupture  is  connected  with  the  lie  and  conforma- 
tion of  the  sporangium — a  result  which  is  of  special  interest  on  account  of  the 
relationships  which  will  be  described  in  connexion  with  the  sporangia  of 
the  Filicineae.  The  sporangia  in  Lycopodium  inundatum  are  markedly 
dorsiventral.  Their  upper  side,  which  is  turned  to  the  flower-axis,  is  larger 
than  the  under  side  turned  to  the  sporophyll.  The  upper  side  is  not  flat 
but  has  in  the  middle  a  projection,  and  is  flattened  from  there  towards  the 


PiO.  477.    SdagiDella  erjrthropas.    Empty  megasporangiam ;  moist  in  figure  to  the  left,  dry  in  figure  to  the 
right ;  a,  AT,  the  two  valvea ;  Gt  G^  hinge ;  r,  r,  Ones  of  split. 

sides.  This  conformation,  as  well  as  the  lie,  depends  upon  the  pressure 
to  which  the  sporangium  is  subjected  by  the  sides  of  the  two  sporophylls 
which  stand  immediately  above  it.  In  consequence  of  this  the  sporangium 
comes  to  occupy  a  nearly  horizontal  position,  and  its  upper  side  is  closely 
covered  by  two  indusium-like  curtains,  as  each  sporophyll  has  upon  its 
under  side  an  elongation  which  shows  right  and  left  a  pit-like  depression 
into  which  one  half  of  a  sporangium  fits,  and  which  is  modelled  in  corrc- 


^  Kanlfiisf,  Das  Wesen  der  Farrenkranter,  Leipzig,  1837,  p.  19,  has  remarked  this.  I  do  not 
find,  however,  that  the  sporangium  is  spherical  as  Kaulfuss  has  it,  or  transversely  oval  as  Lnerssen 
(Die  Fampflanzen  oder  Gefassbiindelkryptogamen  Dentschlands,  Osterreichs  tmd  der  Schweiz,  in 
Rabenhorst*s  Kryptogamen-Flora,  Leipzig,  1890,  ill,  p.  800)  has  it,  bnt  as  it  is  represented  in  the  text. 
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spondence  with  the  upper  surface  of  the  sporangium.  The  line  of  rupture 
lies  now  not  along  the  apical  edge  of  the  sporangium  ^  but  upon  its  under 
side  (Fig.  378),  and  this  corresponds  with  the  conformation  and  lie  of  the 
sporangium,  which,  as  has  been  shown,  departs  from  the  nearly  erect  position 
of  those  in  the  other  Lycopodineae  and  has  a  nearly  horizontal  lie.  If  the 
sporophyll  curves  back  towards  the  outside  the  under  side  of  the  sporangium 
will  be  left  free,  and  the  sporan- 
gium opens  here  nearly  in  the 
middle  of  the  free  side^  so  that 
out  of  the  longitudinal  opening  of 
the  other  Lycopodineae  a  cross- 
opening  has  been  reached  here. 
The  upper  side  of  the  sporangium 
is  at  tlte  period  of  opening  still 
covered  by  the  curtains  of  the  two 
sporophylls  standing  over  it^  for 
the  emptying  of  the  sporangia 
proceeds  gradually  from  below 
upwards.  We  see  then  why  it  is 
that  the  sporangium  is  not  opened 
by  a  longitudinal  slit  but  by  a 
cross  one.  Really  this  cross-slit 
is  only  a  long  slit  pushed  down- 
wards. The  displacement  is  an  actual  one,  not  merely  a  fancy,  if  we 
consider  as  the  original  the  behaviour  of  the  great  majority  of  the  Ly- 
copodineae, including  Selaginella  ^.  We  shall  have  to  discuss  the  same 
problem  in  the  case  of  the  Filicineae,  but  whilst  in  the  Lycopodineae, 
so  far  as  we  know,  there  is  only  a  divergence  in  regard  to  the  opening  of 
the  sporangia  in  two  species,  there  is  amongst  the  Filicineae  a  much  greater 
variation. 

B.    EQUISETINEAE. 

The  distribution  of  the  spores  has  been  already  described  ^.  The  wall 
of  the  ripe  sporangium  is  commonly  but  incorrectly  represented  as  one- 
layered.  I  find  it  is— at  least  in  Equisetum  Telmateia,  and  less  strikingly 
in  Equisetum  arvense — many-layered  at  the  angles,  but  over  large  stretches 
the  cell-layers  have  disappeared  with  the  exception  of  the  outermost.  This 
outermost  layer  shows  very  characteristic  thickenings  in  the  formation  of 


FlO.  378. 
tndiiul  section. 


limn  inandatom.  Sporangium  in  loogi- 
le  point  of  opening,  whidi  i«  indicated  by 


a  line  across  the  sporancriam-wall,  lies  upon  the  under  side, 
not  upon  the  summit.    Magnified. 


^  That  is  the  one  over  against  the  stalk.  We  do  not  discuss  here  the  question  whether  the  apical 
edge  does  not  here  coincide  originally  with  the  position  of  ruptnre  which  is  subsequently  displaced 
upon  the  under  side,  because  this  is  of  no  significance  for  the  point  under  discussion. 

*  The  reason  for  this  I  will  not  give  here.  The  gametophyte  of  Lycopodium  inundatum  and 
L.  cemuum  is  rather  a  primitive  than  a  derived  one.    See  p.  1 9a. 

»  See  p.  576. 
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*  lignified '  spirals  or  rings,  which  are  occasionally  double.  The  sporangium 
always  opens  upon  the  inner  side  by  a  longitudinal  slit,  and  subsequently 
gapes  widely.  The  opening  is  effected  by  an  arrangement  of  cells  ^  which 
are  shorter  than  others  of  the  wall,  and  have  their  long  axis  placed  nearly 
at  right  angles  to  the  line  of  opening.    As  these  cells  dry,  they  shorten  in 

the  direction  of  their  long 
axis^,  so  that  a  slit  must 
occur.  The  formation  of 
the  slit  upon  the  inner 
side  makes  possible  the 
free  movement  of  the 
sporangial  wall  outwards  *, 
and  it  experiences  besides 
a  curvature  making  it  con- 
cave upwards,  so  that  the 
widely  gaping  opening  is 
turned  more  downwards*. 

C    FILICINEAE. 

I.   EUSPORANGIATE  FlLI- 
CINEAE. 

OPHIOGLOSSACEAE. 

Although  the  spo- 
rangia of  Ophioglossum 
and  Botrychium  are  out- 
wardly somewhat  differ- 
ent, those  of  Ophioglossum 
being  embedded  in  the 
tissue  of  the  sporophyll,  whilst  those  of  Botrychium  project  freely  beyond 
it,  they  are  in  structure  and  development  essentially  alike.  In  Botrychium 
the  outermost  cell-layer  of  the  wall  of  the  sporangia  runs  directly  into  the 
epidermis  of  the  sporophyll.    The  sporangia  project  at  their  origin  only 


Pig.  370.  Botrychiam  Lanaria.  Sporani^ttm  in  loneitadinal  sec- 
tion,, showing^  the  sporogenoos  mass  of  cells  sorroanded  by  the  tl^>etal 
cells  and  the  many-layered  wall.    From  a  photograph. 


'  See  Leclerc  du  Sablon,  Recherches  sur  la  dissemination  des  spores  dans  les  Cryptogames 
vasculaires,  in  Annales  des  sciences  natnrelles,  s^r.  7,  ii  (1885).  "^^^  description  of  the  sponmgia 
of  Selaginella  in  this  paper  b  incorrect 

'  We  cannot  discuss  the  peculiar  mechanism  of  the  opening  of  this  and  other  sporangia,  especially 
as  views  regarding  it  are  not  very  definite.  That  the  arrangement  of  the  thickenings  of  the  cell- wall, 
whether  these  be  spiral  or  ring-like,  the  elongated  form  of  the  wall-cells,  and  in  particalar  the 
shortening  of  the  wall-cells  in  their  long  axis  are  connected  with  the  opening  is  clear.  It  appears  to 
be  a  common  feature  in  the  '  active '  cells  of  the  sporangia  of  all  Pteridophyta  that  the  thickenings 
are  so  arranged  that  in  drying  a  stronger  deformation  takes  place  in  the  tangential  direction  than  in 
the  radial. 

'  Analogous  cases  will  be  mentioned  in  the  Filicineae. 

*  Particularly  well  seen  in  Equisetum  arvense. 
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slightly  above  the  surface  of  the  sporophyll.  The  cells  which  lie  under- 
neath the  sporogenous  tissue  and  which  belong  peculiarly  to  the  sporophyll 
push  the  sporangium,  whose  wall-layer  also  experiences  a  considerable 
increase  of  growth,  beyond  the  sporophyll  ^  (Fig.  379).  A  branch  of  a 
conducting  bundle  runs  to  each  sporangium,  and  we  may  say  that  each  of 
the  sporangia  of  Botrychium  is  embedded  in  a  branch  of  the  sporophyll 
The  similarity  with  Ophioglossum  is  seen  also  in  the  method  of  opening, 
which  takes  place  by  a  longitudinal  slit  in  the  wall  of  the  sporangium  in 
a  definitely  determined  position.  As  in  Ophioglossum  there  are  two  series 
of  small  cells,  between  which  the  separation  occurs*.  An  ejection  of 
the  spores  is  impossible  in  Ophioglossum  on  account  of  the  lie  of  the 
sporangium.  Whether  it  happens  in  Botrychium  and  Helminthostachys 
is  not  known,  and  is,  I  think,  improbable.  In  Helminthostachys  the 
sporangia  open  outwards,  and  their  conformation  approaches  the  dorsi- 
ventral,  inasmuch  as  the  slit  extends  deeper  downwards  on  the  side  of  the 
sporangium  which  is  turned  away  from  the  apex  of  the  sporangiophore. 
The  lie  of  the  sporangium  resembles — but  in  a  slight  degree  only — the 
hanging  lie  of  the  sporangium  in  Equisetum.  That  this  lie  is  not  more 
expressed  depends  upon  the  looser  position  of  the  sporangiophores  com- 
pared with  the  close-set  sporophylls  of  Equisetum. 

MARATTIACEAE. 

In  this  group  the  spomngia  always  project  above  the  surface  of  the 
sporophyll.  In  Angiopteris  and  Archangiopteris  they  are  free  single 
sporangia  which  are  united  together  in  a  sorus.  In  the  other  genera  we 
find  synangia — structures  with  several  sporiferous  chambers.  We  can 
r^[ard  the  synangium  either  as  the  result  of  the  concrescence  of  single 
sporangia,  if  we  consider  forms  like  Angiopteris  as  primitive,  or  as  a  single 
sporangium  which  has  become  chambered  by  the  formation  of  sterile 
isolated  portions  between  many  sporogenous  cell-masses.  In  speaking  of 
the  development  of  the  sporangia  we  shall  revert  to  this  question,  and 
now  will  only  shortly  refer  to  the  relationships  of  the  configuration  of  the 
synangium  or  sporangium  to  the  function  of  distribution  of  spores. 

Dauaea.  Kaulftissia.  The  synangia  of  Danaea  and  Kaulfiissia  are 
built  upon  the  principle  of  the  pore-capsule,  that  is  to  say,  each  of  the 
single  chambers  opens  by  a  single  pore,  through  which  the  spores  are 


'  With  this  corresponds  the  fact  that  stonuta  are  found  at  the  base  of  the  sporanginm  even  in  that 
part  of  the  '  wall  <  which  lies  above  the  spore-bearing  inner  space.  It  is  a  matter  of  moment  for  the 
interpretation  of  the  funide  of  the  ovnle  whether  the  lower  part  of  the  sporangiom  in  Botrychium 
belongs  to  the  spoianginm  or  to  the  sporophyll. 

*  The  slit  lies  at  right  angles  to  the  long  axis  of  the  sporophyll.  In  Helminthostachys  it  is  in 
the  long  axis  of  the  sporangiophore,  which  stands  at  nearly  a  right  angle  to  the  long  axis  of  the 
sporophyll. 
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gradually  shaken  out.    Considering  the  whole  structure  of  the  synangium, 
any  other  arrangement  is  scarcely  possible  ^ 

Marattia.  The  chambers  of  the  synangium  in  Marattia  are  not  nearly 
circular,  as  in  Kaulfussia,  or  connected  together  all  round,  as  in  Danaea,  but 
are  in  two  rows  separated  from  one  another  by  a  groove  (Fig.  380).  This 
gives  the  possibility  that  the  whole  synangium  when  ripe  can  break  up 
into  halves  ^,  whilst  each  single  chamber  opens  inwards.    The  position  of 

opening  is  laid  down  beforehand. 

Angiopteris.  In  Angiopteris  we  find 
separate  single  sporangia,  which  are  arranged 
in  two  rows  as  they  are  in  the  synangium 
(Fig.  381).  Not  infrequently  a  sporangium 
stands  at  the  end  of  the  sorus  before  the 
two  rows,  and  thi3  gives  us  a  transition  to 
the  arrangement  in  Kaulfussia.  Each  spo- 
rangium opens  for  itself,  and  the  spores — 
according  to  observations  upon  Angiopteris 
evecta — are  ejected,  although  not  very  ener- 
getically. The  emptied  sporangia  gape 
widely.  The  mechanism  of  the  valvular  open- 
ing requires  further  explanation  '.  Doubtless 
the  antagonism  between  the  cells  whose  inner 
and  outer  walls  are  thickened  and  '  lignified ' 
and  those  whose  walls  remain  unthickened 
plays  a  part.  The  thick-walled  cells  are 
found  particularly  at  the  apex  and  on  the 
flanks  of  the  sporangium,  which  is  constructed 
as  a  markedly  dorsiventral  structure,  as  in 
all  Marattiaceae.  Whether  now  the  opening 
is  effected  by  the  disappearance  of  the  un- 
thickened cells  has  to  be  determined.  At 
any  rate  one  sporangium  of  Angiopteris 
corresponds  to  one  chamber  of  the  synangium 
of  Marattia  and  Kaulfussia.  Whether  we  are  to  reckon  Angiopteris  at  the 
end  or  at  the  beginning  of  the  series  is  at  the  present  time  a  mere  matter 
of  opinion.  Still,  Angiopteris  shows  us  the  most  specialized  structure  of 
the  sporangial  wall,  and  approaches  in  that  feature  the  behaviour  of  the 
Leptosporangiate  Filicineae,  the  Osmundaceae  in  particular,  which  other- 
wise stand  nearest  to  the  Eusporangiate  Filicineae. 


PiO.  380.  Marattia  frazinea.  Synan- 
f^yan.  Uppermost  figure,  closed  and 
viewed  oofiqaely  from  above.  Middle 
figure,  open  and  viewed  from  above, 
lowermost  figure,  in  transverse  section. 
Magnified.    After  Hooker. 


^  See  the  systematic  works.    Also  Bower,  Studies  in  the  Morphology  of  Spore-prodncing  Members : 
III.  Marattiaceae,  in  Phil.  Trans.,  1897. 
'  The  chambers  extend  deeper  than  (he  groove. 
'  See  Bower,  op.  cit. 
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As  regards  the  relationship  of  the  direction  of  the  opening  of  the 
sporangia  to  their  lie,  we  observe  that  in  all  the  Marattiaceae  the  point  of 
opening  lies  upon  the  side  of  the  sporangium  turned  away  from  the 
sporophyll.  The  sporangia  stand  upon  the  under  side  of  the  sporophyll, 
and  the  strong  dorsiventral  conformation  of  the  sporangium,  which  deviates 
very  greatly  from  that  of  the  sporangfium  in  Botrychium,  is  evidently 
closely  connected  with  the  *  endeavour'  of  the  sporangium  to  bring  the 
point  of  opening  into  such  a  position. 


II.   LEPTOSPORANGIATE  FiLICINEAE  ^ 

The  structure  of  the  sporangia  in  this  group  is  characteristic  by  the 
feet  that  the  thickened  cells  which  effect  the  opening  of  the  sporangium 
and  the  scattering  of  the  spores  are  localized 
upon  one  part  of  the  sporangial  wall.  They 
constitute  an  annulus^  even  where  it  has  not  the 
form  of  a  ring,  and  they  bring  about,  as  the 
sporangium  dries,  movements  which  have  as  a 
result  an  energetic  ejection  of  the  spores.  The 
arrangement  of  the  cells  of  the  annulus  deter- 
mines not  only  the  manner  and  method  of  the 
rupture  of  the  sporangia,  but  is,  as  is  well  known, 
of  systematic  importance.  For  the  details  the 
systematic  text-books  may  be  consulted,  and  the 
elaborate  exposition  of  the  subject  by  Bower. 
Here  I  shall  only  bring  forward  a  few  examples 
bearing  upon  the  question  of  whether  the  con- 
struction and  lie  of  the  annulus  is  one  which  is 
purely  the  result  of  *  internal '  factors,  or  whether 
we  can  discover  relationships  between  its  form 
and  function.  There  are  such  relationships.  It  can  be  shown,  at  least  in 
the  cases  which  have  been  investigated,  that  the  arrangement  of  the  annulus 
is  *  purposeful,'  that  is,  stands  in  connexion  with  the  form  and  lie  of  the 
sporangium.  The  annultis  is  so  arranged  that  the  slit  by  which  the  sporan- 
gium opens  is  always  towards  the  side  whence  the  distribution  of  the  spores 
can  proceed  unhindered^  to  speak  generally,  to  the  outside — the  *  outside ' 
being  differently  placed  according  to  the  lie  of  the  sporangium.  There 
are  three  chief  methods  of  opening  to  be  distinguished : — 

I.    By  a  slit  transverse  to  the  long  axis  of  the  sporangium.     The 
annulus  is  vertical.     In  the  great  majority  of  Leptosporangiate  Filicineae. 


Fio.  381.  An^opteris  evecta. 
Upper  firare,  portion  of  a  leaf-pin* 
nnle  vrith  aori,  one  has  fallen  off. 
After  Kanse.  Lower  figure,  spo* 
rangia.    Magnified.  After  Hooker. 


^  Exdading  the  Salviniaceae  and  Marsiliaceae.    See  Bower,  Studies  in  the  Morphology  of  Spore- 
produdng  Members :  IV.  The  Leptosporangiate  Ferns,  in  Phil.  Trans.,  1899. 
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2.  By  a  slit  oblique  to  the  long  axis  of  the  sporangium.  The  annulus 
is  oblique.     Hymenophylleae,  Cyatheaceae,  and  allies, 

3.  By  a  slit  parallel  with  the  long  axis  of  the  sporangium.  The 
annulus  is  transverse  or  oblique.  Gleicheniaceae,  Schizaeaceae,  Osmunda- 
ceae,  Loxsoma. 


(l)    SLIT  TRANSVERSE  TO   THE  LONG  AXIS   OF  THE  SPORANGIUM, 
ANNULUS   VERTICAL. 

The  sporangia  are  always  independent  of  one  another  even  if  they  stand 
in  dense  groups.    They  have  usually  long  stalks  ^  (Fig.  382, 1),  and  they  do 

not   ripen  together*.     The 
vertical  annulus  has  there- 
fore   free    room    for    play. 
It   stretches   itself  at   first 
straight,  bends  then  so  that 
it    is    concave    outwards — 
even  so  far  that   the  two 
ends   of  the   ring  touch- 
springs  back,  and  throws  out 
the  spores.    Frequently  on 
account  of  this  the  sporan- 
gium splits  off  at  its  base, 
as   in    Platycerium   grande 
and  others.   A  definite  posi- 
tion of  rupture,  the  stomium^ 
is  present.     Frequently  at 
this  point  there  are  flat  cells 
with  thickened  walls,  which 
may  be  designated  as  the 
seam-cells  (Fig.  382,  I,  /,  II 
and  III,  S\  Their  function 
is  to  secure  that  the  split 
takes  place  in  a  definite  position^  and  in  a  definite  direction.     Once  the  split 
has  begun  then  the  thin-walled  cells  behind  the  seam  split  through  also. 
Through  alternations  of  moisture  and  dryness  this  spring-like  mechanism 
can  be  brought  into  operation  more  than  once. 


Fig.  382  5.    I,  PUt^cerinin  grande.    Ruptared  sporangium  ;  /,  /, 
seam-ceUa.    II,  Aneunia  fraxinifolia.  ^Upper  portion  jm  a^  sporan- 


giam;  /?,  annalaa;  .S*,  seam-cella;  Sty  ttommm.  III^  Osmnnda 
remits.  Sporanginm,  not  qaite  ripe,  in  transverse  section ;  JS*,  sto> 
mmm.  IV!  Mohria  caflfromm.  Sporangtoni  seen  from  above ;  R^ 
annolas;  Sty  stomiam.    All  magnitaed. 


^  This  is  not  the  case  in  Ceratopteris. 

'  See  the  striking  example  in  Polypodinm  obliqnatum  in  Fig.  334. 

B  Professor  Giesenhagen  has  been  so  good  as  to  supply  the  figures  3821  386,  and  388,  which  tic 
drawn  from  his  own  investigations. 
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(2)    SLIT   OBLIQUE  TO  THE   LONG   AXIS   OF   THE  SPORANGIUM. 
ANNULUS   OBLIQUE. 

Triohomanes.    We  may  take  as  an  example  of  this  Trichomanes.    Its 
sporangia  are  distributed  radially  on  an  elongated  placenta,  upon  which  they 

arise  in  basipetal  serial  succession  (Fig.  383). 
The  sporangia  have  only  a  very  short  stalk 
(Fig.  384),  their  long  axis  is  oblique  to  the 
placetita,  and  they  cover  one  another  imbri- 
cately.  A  glance  at  Fig.  383  shows  that  the 
annulus  lies  in  such  a  position  that  it  has  free 
room  for  play^  because  it  runs  obliquely  to  the 
long  axis  of  the  sporangium.  The  position  of 
the  slit  is  found  near  the  base  of  the  sporan- 
gium, and  the  annulus  becomes  detached 
at  this  point  and  takes  with  it  the  greater  part 
of  the  sporangial  wall,  and  the  spores  also. 
The  annulus  bends  first  of  all  to  the  side  of 
the  sporangium  which   lies  over  against  the 


Pig.  383.  Trichomancfl  tenemm. 
Soras  in  surface  -  view ;  the  placenta 
bearing  radially  distributed  sporanria 
issues  from  the  two-lobed  beaker-luce 
indnsinm.  The  annulus  is  visible  on  the 
several  sporangia.    Slightly  magnified. 


Fig.  384.  Trichomanes  tenerum.  I,  sporangium  seen  from 
the  side.  II,  portion  of  the  placenta  in  longitudinal  section 
with  two  sporangia;  the  annulus  is  visible  above  and  below 
each.    I,  magnified. 


position  of  rupture,  and  this  tears  off  the  sporangial  wall  right  and  left  of 
the  annulus,  then  it  springs  back,  the  whole  sporangium  is  torn  off,  and  the 
spores  are  thrown  out.  This  is  what  occurs  in  Trichomanes  tenerum. 
Atkinson's  statement  'that  the  spores  in  the  Hymenophyllaceae  are  not 
very  effectively  dispersed  *  is  incorrect  ^     We  have  here  one  of  the  most 


^  Atkinson,  The  Biology  of  Ferns,  p.  73.    The  lie  of  the  aimnlos  of  the  Hymenophyllaceae  is 
incorrectly  given  there.    It  is  not  horizontal  bnt  obliqne.    Bower  shows  it  correctly.    The  ring 
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perfect  mechanisms  amongst  the  FUicineae,  for  the  sporangia  seated  on  the 
long  placenta,  where  moisture  can  be  retained  between  them,  are  shot  free 
one  after  another  at  short  intervals  until  finally  the  placenta  is  quite  freed 
from  them  or  only  solitary  sporangia  remain  occasionally  upon  it.  The 
spores  of  the  Hymenophyllaceae  often  germinate  within  the  sporangia,  but 
this  is  by  no  means  the  normal  behaviour,  and  only  occurs  apparently  if 
during  long  periods  of  rain  there  has  been  no  opportunity  for  their  drying  ^. 
So  soon,  however,  as  a  short  dry  period  b^ins  the  numerous  ripe  sporangia 
^-^fihoot  out  their  spores  in  all  the  greater  number. 

Alsophila.  The  cyatheaceous  Alsophila  shows  the  same  connexion 
of  the  lie  of  the  annulus  with  that  of  the  sporangium  in  the  sorus.  The 
species  examined  was  Alsophila  Leichardtiana. 

Plagiogyria.  The  genus  Plagiogyria,  which  up  till  now  has  been  placed 
amongst  the  Polypodiaceae,  but  which  at  the  same  time  has  an  oblique 
annulus,  does  not  show  the  same  imbrication   of  the  sporangia  as  the 

Hymenophyllaceae  and  Also- 
phila.   The  sporangium  is  from 
•^/^'"^  /T\        r     \  the  first  unilateral  and  shortly 

stalked,  and  the  sporangia  stand 
close  together. 


Fig.  385.    Osfnunda  r^Llis*    Ii  •porangU  in  mOh  teen  from 
Nf  leaf-nerve.    The  annnlna  is  indicated  by  a  black 


above 


Spot.    11,  one  of  the  dorriventral  tponuigia  in  profile ;  a.  annolot. 
Ill,  Gletchenia  drcinata.    Soros  aeen  from  above.    The  dotted 


lines  indicate  the  lines  of  rapture. 


(3)  SLIT  LONGITUDINAL.    ANNULUS 
TRANSVERSE  OR  OBLIQUE. 

OSMUNDACEAE.  (Figs.  38a, 
III;  385,  I,  II;  386,11,111.) 
The  sporangia  stand  all  round 
the  sporophyll  in  a  somewhat 
loose  manner  in  Osmunda.  A  surface  view  of  a  group  of  sporangia  shows 
(Fig.  385, 1)  that  the  place  of  rupture  is  here  everjnvhere  upon  the  side  of 
the  sporangium  turned  away  from  the  sporophyll  *,  so  that  in  those  which 
are  found  upon  the  under  side  it  is  directed  downwards,  in  those  which  stand 
upon  the  edge  it  is  directed  outwards  ',  The  annulus,  on  the  other  hand, 
shows  no  different  orientation.     It  is  formed  by  a  plate  of  cells  which  lie 


extends  upon  the  one  side  (Fig.  384, 1,  to  the  right  below)  over  the  point  of  the  insertion  of  the 
sporanginm,  bat  not  npon  the  other  which  is  the  side  of  the  opening.  In  consequence  of  this  we 
have  the  movement  described. 

^  That  the  sporangia  are  able,  owing  to  their  density,  to  retain  between  them  water  on  the  exposed 
placenta  is  of  importance  for  the  spores  which  do  not  bear  a  long  drought ;  besides  this  brings  it 
about  that  the  sporangia  dry  from  above  downwards,  and  their  spores  are  gradually  thrown  out,  not 
all  at  once.  In  the  moist  stations  which  are  inhabited  by  the  Hymenophyllaceae  it  is  important  that 
every  dry  period  should  be  used  for  copious  spore-distribution.  Evidently  the  arrangement  of  the 
sporangia  is  connected  with  this. 

'  This  is  true  also  for  the  microsporangia  of  the  Cycadaceae. 

'  Ncme  of  these  marginal  sporangia  is  represented  in  the  figure. 
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upon  one  side  of  the  dorsiventral  sporangium.     In  my  view  this  annulu  lies 
immediately  under  the  apex  of  the  sporangium,  but  is  displaced  on  acccmt 
of  the  unilateral  development  of  the  sporangium  (Fig.  385,  II,  ^),  and  'es 
then  not  over  against  the  stalk  but  laterally.     There  is  a  similar  displai«- 
ment  in  Lygodium.     The  place  of  opening  is  marked  by  lower  cells,  as  -. 
shown  by  a  section  taken  at  right  angles  to  the  stalk  (Figs.  382,  III,  s ;  386, 
II).    The  plate  of  the  annulus  in  drying  *  endeavours '  to  become  concave 
outwardly,  and  this  is  facilitated  by  the  conformation  of  the  cells,  by  the 
oblique  position  of  their  cross- walls,  or  by  theii^  cross- walls  being  somewhat 
thin  in  the  middle — an  arrangement  which  brings  about  an  approach  of  the 
thickened  longitudinal  walls  ^.     By  the  throwing  back  of  the  sporangial 
valves  the  spores  are  thrown  out 

Gleicheniaceae.  In  the  Gleicheniaceae  also  the  lie  of  the  sporangium 
is  connected  with  that  of  the  annulus  (Fig.  385,  III),  and  the  line  of  rupture 
is  upon  the  side  of  the  sporangium  turned  away  from  the  sporophyll,  as  it 
is  in  Osmundaceae.  The  annulus  has  really  the  form  of  an  incomplete 
ring  which  has  a  somewhat  oblique,  nearly  transverse,  direction  to  the 
long  axis  of  the  sporangium  below  its  apex.  It  is  very  evident  here  that 
the  lie  of  the  annulus  is  only  a  '  means  to  an  end/  that  is  to  say,  it  hinges 
upon  the  lie  of  the  line  of  rupture.  The  annulus  would  have  freer  play  if 
the  position  of  rupture  were  to  lie  turned  towards  the  sporophyll,  but  such 
a  lie  would  prejudice  the  distribution  of  the  spores. 

SCHIZAEACEAE.  (Figs.  382,  II,  IV;  386,  I;  387;  388;  389;  390.) 
The  Schizaeaceae  show  analogous  cases.  The  annulus  is  generally  trans- 
verse beneath  the  apex  of  the  sporangium,  and  the  sporangium  opens  by 
a  longitudinal  slit  which  is  turned  outwards.  'Outwards'  has  here,  as 
elsewhere,  a  different  significance  in  different  cases,  as  will  be  pointed  out 
in  the  several  genera. 

Mohria.  In  this  genus  the  sporangia  have  a  short  stalk  and  sit  upon 
the  under  side  of  the  sporophyll  at  nearly  a  right  angle.  They  are  con- 
sequently less  markedly  dorsiventral  than  in  other  genera,  and  the  point  of 
rupture  I  found  to  be  directed  always  towards  the  margin  of  the  leaf. 

Sohisaea.  Aneimia.  The  sporangia  in  these  genera  are  oblique  to 
the  sporophyll,  and  the  point  of  rupture  looks  outwards  (Fig.  387),  conse- 
quently the  sporangia  are  on  this  outer  side  somewhat  swollen,  and  in  their 


^  Lnerssen,  Die  Farnpfianzen  oder  GefasibfiiDdelkTyptogamen  Dentichlands,  Osterreichs  und  der 
Schweiz,  in  Rabenhorst*8  Kryptogamen-Floni,  Leipzig,  1890,  iii.  Figs.  55,  36,  represents  almost  all 
the  cross-walls  as  actually  transverse.  I  have  not  seen  such  cases.  Only  occasionally  were  the  walls 
transverse  in  the  sporangia  investigated.  In  Osmnnda  there  is  formed  in  the  vicinity  of  the  annulus, 
right  and  left  of  it,  and  before  the  slit  of  dehiscence,  a  short  transverse  slit,  somewhat  like  that  in 
Selaginella,  and  this  &dlitates  the  outward  movement  of  the  valves.  This  fact  is  not  shown  in  any 
of  the  published  figures.  These  transverse  slits  are  prepared  for  in  the  structure  of  the  sporangial 
wall,  but  have  been  entirely  overlooked. 
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p^j.f^e  external  conformation  markedly  dorsiventral.  The  point  of  ruptiuv 
iQUj^Ty  clearly  constructed  (Fig.  386, 1). 

Qjjr  Lygodium.  The  most  interesting  relationships  in  the  Schizaeaceae 
fj.^,  however,  found  in  Lygodium,  where  the  sporangia  stand  singly  enclosed 
^  pockets  (Fig.  388),  and  directed  so  that  the  annulus  is  oblique  towards 
the  under  side  \  Does  this  change  in  conformation  of  the  sporangium, 
when  compared  with  the  other  genera,  have  any  connexion  with  the 
scattering  of  the  spores?  It  is  most  remarkable  that  this  question  has 
nowhere  been  discussed  in  descriptions  of  Lygodium.  Even  the  method 
of  rupturing  is  often  incorrectly  given*-.  In  reality  this  conformation 
secures  under  the  given  conditions  the  best  distribution  of  the  spores.  Given 
the  position  of  the  annulus,  longitudinal  dehiscence,  and  the  indusial  pocket 


'/f^ 


Fig.  486.  I,  Aneimia  rotondi- 
folia.  Line  of  rapture  of  the  spo- 
rangiam   in    transverse    section. 

II,  Osmnnda  res^alis.  Cells  of  the 
annalos    in    transverse    section. 

III,  Todea  barbara.  Cells  of  the 
annolns  in  surface  -  view.  All 
magnified. 


Fig.  387.  Aneimia  to- 
mentosa.  Upper  figure: 
tip  of  a  sporangiterous 
pinnule.  Lower  figure : 
sporangium  seen  from 
the  side  of  rupture.  Mag- 
nified.   After  Prantl. 


Fig.  ^la.  Lygodium  mkrophyllnm. 
Portion  of  a  fertue  leaf-lobe  seen  from 
below.  Four  sporangia.  The  indusium 
removed  from  the  two  lower  ones.  The 
two  upper  ones  seen  through  the  indumom, 
^d\  /; position  of  annulus;  U^  under-sur- 
ace  of  mdusial  pocket. 


ta 


in  which  the  sporangium  lies.   This  pocket  consists  of  two  parts  ^,  one,  the 
indusium  proper  springing  from  the  under  side  of  the  leaf,  and  one  the  leaf- 


^  The  long  axis  of  the  sporangium,  however,  does  not  lie  as  it  is  fignred  by  Prantl,  and  in  many 
other  figures,  in  iht  plane  of  the  sporophyll,  but  it  forms  with  the  short  stalk  an  angle  of  90°. 

'  Thus  Lnerssen,  Handbuch  der  systematischen  Botanik,  Leipzig,  1879,  p.  570,  Fig.  146,  A,  says 
that  the  sporangium  opens  by  a  longitudmal  slit  turned  towards  the  under  half  of  the  indusium, 

*  Prantl  has  represented  the  whole  indusial  pocket  as  a  single  indusium,  because  it  arises  as 
a  crescentic  wall  ^eath  the  sporangium  which  is  laid  down  on  the  margin.  I  do  not  think  that 
we  have  here  anything  but  what  is  found  in  Schizaea  and  a  number  of  species  of  Aneimia  where  the 
sporangia  laid  down  upon  the  margin  are  displaced  to  the  under  side  by  a  growth  of  the  upper  surface 
of  the  leaf.  Coincident  with  this  outgrowth  the  indusium  is  formed  upon  the  under  side.  Prantl^s 
explanation,  influenced  evidently  by  a  desire  to  find  an  analogy  with  the  formation  of  the  integument 
of  the  ovule,  must  assume  a  complex  concrescence  of  the  indusium,  whilst  the  explanation  given 
above  seems  to  me  to  find  the  relationship  without  any  strain. 
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surface  into  which  the  indusium  passes  over.  The  free  margin  of  the 
indusial  pocket  lies  directed  obliquely  downwards,  and  so  does  the  point 
of  rupture  of  the  sporangium  (Fig.  388).  The  annulus  opens  wide  when 
ripe,  and  in  that  way  presses  outwards  the  under  half  of  the  indusial  pocket, 
and  this  is  made  possible  by  the  annulus  occupying  the  position  where  the 
indusium  projects  freely  beyond  the  leaf-surface  and  where  a  movement  can 
proceed  unrestrained  (Fig.  388,  F).  The  configuration  of  the  sporangium 
has  therefore  the  most  intimate  connexion  with  its  lie.  Were  the  annulus 
to  lie  above  instead  of  below  in  the  indusial  pocket  the  exit  of  the  spores 
would  be  essentially  hindered,  as  a  twisting  or  movement  of  the  indusium 
at  this  point  where  it  joins  the  leaf-surface  is  scarcely  possible.  The  great 
elongation  of  the  outer  side  of  the  sporangium  (Fig.  389),  which  leads  to 
a  bending  of  the  sporangium  through  90**,  brings  the  annulus,  according 
to  our  explanation,  into  the  most  suitable  place  for 
Its  function ;  at  the  same  time  we  must  point  out 
that  the  peculiar  growth  of  the  sporangium  is  only 
an  exaggeration  of  the  behaviour  which  is  found  in 
Aneimia,  and  that  here  also  the  outer  side  of  the 
sporangium  is  more  strongly  developed  than  is  the 
inner  side.  The  'disposition'  to  dorsiventral  de- 
velopment of  the  sporangia  which  exists  in   the     cum.%iSiinpam.  'Sugmficd. 

,      ,  ,  ,  •       T  J*  After  PrantL 

whole   group    reaches   an   extreme    m  Lygodium. 

The  great  protection  afforded  to  the  sporangium  in  this  genus  by  its 
inclusion  within  an  indusial  pocket  evidently  is  connected  with  the  climbing 
habit  of  the  plant.  The  leaves  climb  far  up  into  the  shrubs  ^.  The  fertile 
leaf-pinnae  (Fig.  390)  are  only  formed  in  the  uppermost  part.  Climbmg- 
leaves  are  relatively  very  much  exposed,  and  with  this  the  marked  pro- 
tection of  the  sporangia  corresponds. 

The  diflferent  lie  of  the  annulus  of  the  sporangia  of  the  Filicineae  which  has  just 
been  depicted  may  give  rise  to  phyletic  speculations.  Has  a  '  displacement '  of  the 
annulus  taken  place  or  not  in  the  several  groups  ?  I  do  not  think  that  at  the  present 
time  we  have  a  sufficient  number  of  facts  to  warrant  an  answer  to  the  question.  We 
should  have  this  if  we  could  prove  that  starting  from  a  definite  wdl-differenHated  form 
others  liave  arisen  by  its  transformation.  Such  a  transformation  is  found  in  many 
cases  where  there  has  been  a  change  of  function^  but  more  frequently  it  would  seem 
that  the  '  capacity  for  development '  belonging  to  the  construction  of  the  protoplasm 
has  under  the  influence  of  external  or  internal  formative  stimuli  MxAoXd^^  from  the 
cutset  in  different  directions.  If  we  assume  a  *  primitive  sporangium '  we  do  not  require 


'  This  is  effected  in  two  ways:— (1)  by  twining  leaf-spindles,  (a)  by  scrarobling-pinnae.  Iii 
Lygodinm  japonicnm,  for  example  (  Fig.  390),  the  apex  of  the  leaf-pinnae  of  the  first  order  is  usually 
undeveloped,  whilst  the  two  lower  pinnae  of  the  second  order  are  well  developed,  stand  out  far,  and 
act  as  scrambling-oTgans.  The  cirdnate  persistent  vegetative  point  of  the  pinnae  of  the  first  order 
may,  however,  resume  its  growth.    The  case  resembles  that  of  the  Gleicheniaceae  (see  p.  518). 
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to  ascribe  to  it  a  definite  lie  of 


FlQ.  390.  Lygodhiin  japonicum.  Cen- 
tral figure  shows  habit.  The  leaves  arise 
from  a  horixontal  creeping  rhisome.  Only 
a  portion  of  one  leal  is  shown.  On  the 
rhacMs  is  a  branched  pinna  of  the  first 
order.  It  has  two  pinnae  of  the  second 
order  between  which  is  the  undeveloped 
persistent  apex.  The  pinna  to  the  left  is 
represented  complete,  that  to  the  right  has 
only  its  rhachis.  Figure  to  the  right  below 
shows  a  fertile  leaflet.  It  is  much  more 
branched  than  the  sterile  leaflet  of  the  same 
order  and  shows  the  indnsial  pockets. 
Reduced.    After  Christ. 


the  annulus,  but  only  the  capacity  of  thickening  the 
wall-cells  in  greater  or  less  number  in  relation  to 
the  lie  of  the  sporangium  and  so  to  construct  an 
opening  apparatus.  Whether  one  therefore  will 
start  from  sporangia  which  still  want  a  thickening 
of  t}ieir  wall,  as,  for  example,  those  sometimes  oc- 
curring in  Ceratopteris,  or  from  a  form  of  spo- 
rangium like  that  of  Lycopodium  in  which  the 
majority  of  the  wall-cells  are  'active,'  appears  to 
be  of  no  great  moment.  What  should  be  here 
laid  stress  upon  is  that  a  sporangium  of  Hymeno- 
phyllum,  for  example,  never  required  to  have  pos- 
sessed another  lie  of  its  annulus  than  that  which 
we  now  find.  To  assume  a  displacement  of  it 
would  only  be  justified  if  we  had  ground  for  the 
further  assumption  that  the  lie  and  configuration 
of  the  sporangium  were  different  at  an  early  period. 
A  displacement  of  the  point  of  rupture  of  the 
sporangia  is  probable  as  we  have  seen  in  Lyco- 
podium inundatum,  but  in  Lygodium  we  have  a 
case  which  shows  how  within  one  cycle  of  affinity 
after  the  lie  of  the  annulus  is  once  fixed  the  whole 
configuration  of  the  sporangium  is  adapted  to  the 
work  of  distribution  of  the  spores.  We  could 
prove  that  the  divergences  in  the  conformation  of 
its  sporangium  from  the  allied  forms  is  conditioned 
on  the  one  hand  by  its  pocket-like  envelope,  and 
on  the  other  hand  by  the  once  given  lie  of  the 
annulus.  Lygodium  appears  to  be  not  a  primitive 
but  a  greatly  changed  form  of  the  Schizaeaceae. 

There  is  still  another  side  of  the  question  as 
to  the  significance  of  the  lie  of  the  annulus  in 
the  Filicineae  which  must  be  touched  upon  here. 
I  haVe  elsewhere  briefly  shown  *  that  the  lie  of  the 
annulus  in  the  fern-sporangium  should  not  be  re- 
garded as  a  character  of  adaptation.  This  view 
I  still  hold  although  it  appears  to  stand  in  oppo- 
sition to  what  has  been  brought  forward  above. 
It  is  evident  that  the  arrangement  of  the  annulus 
has  the  closest  connexion  with  the  whole  con- 
figuration of  the  sporangium  on  the  one  hand  and 
with  its  lie  upon  the  other,  and  that  under  the 


^  Goebel,  Uber  Stadium  und  Aaffassung  der  Anpassmigserscheiiiaiigen  bei  PHanzen,  Mttncheo, 
1898,  p.  33. 
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given  relationships  it  is  a  purposeful  one.  But  the  purpose  cannot  of  itself  explain  why 
the  work  of  opening  of  the  sporangium  and  the  distribution  of  the  spores  is  performed 
in  such  different  ways.  The  sporangium  of  Osmunda  would  function  well  with  an 
annulus  of  the  Gleicheniaceae  or  of  the  Schizaeaceae.  We  have  here  as  everywhere 
to  consider  the  '  inner  constitution '  of  the  plant  on  the  one  hand  and  its  aim  on  the 
other.  What  we  can  prove  sometimes  in  a  number  of  sporangia  is  the  connexion  of 
the  lie  and  the  conformation  of  the  sporangium  with  its  manner  of  opening.  In  all 
other  questions  we  have  only  to  do  with  hypotheses. 

The  structure  of  the  sporangial  wall  is  extremely  constant  in  the  different 
forms  of  Pteridophyta,  yet  there  are  species  where  there  are  variations. 

Ceratopteris.  The  most  striking  example  is  Ceratopteris,  in  which 
all  stages  occur,  from  that  of  a  complete  vertical  annulus  to  that  of  entire 
absence  of  annulus  \  In  an  example  which  I  gathered  in  British  Guiana^ 
the  annulus  consisted  of  usually  five  or  six  cells,  but  in  the  rest  of  the 
sporangial  wall  it  was  not  developed  Such  a  rudimentary  annulus  can 
scarcely  be  of  importance  in  the  distribution  of  the  spores.  The  cause  of 
this  variation  is  unknown,  but  biologically  we  can  understand  that  the 
annulus  might  disappear  in  a  fern  which  floats  upon  the  water,  and  which 
would  not  need  to  scatter  its  spores  as  these  would  be  readily  carried  by 
currents  in  the  water.  Besides  Ceratopteris,  on  account  of  its  rich  asexual 
propagation,  is  less  dependent  upon  the  distribution  of  spores  than  most 
other  ferns.  This  phenomenon  requires,  however,  a  more  close  investiga- 
tion, because  the  connexion  of  the  lie  of  the  annulus  with  the  configuration 
of  the  spores  is  somewhat  obscure  in  the  sporangia  of  Ceratopteris.  In  its 
structure  also  the  annulus  diverges  from  that  of  the  Polypodiaceae — it 
consists  of  very  many  low  and  broad  cells.  When  the  sporangium  opens 
only  few  spores  are  thrown  out,  most  of  the  spores  remain  behind  in  the 
sporangium  ^  and  this  fact  again  leads  us  to  the  view  that  the  spore- 
distribution  proceeds  here  in  a  manner  somewhat  different  from  that  which 
is  observed  in  ordinary  land-ferns. 

Ill 
DEVELOPMENT  OF  THE  SPORANGIUM 

The  history  of  development  has  shown  us  that  sporangia  run  through 
a  course  of  development  which  in  its  main  features  is  much  alike  in  all. 


'  See  Hooker,  Species  Filicam,  London,  1858,  ii,  p.  336. 

'  This  form,  which  was  described  by  Hooker  and  Greville,  Icones  Filicam,  Taf.  97,  as  Parkeria 
pteridioides,  is  yery  different  from  the  plant  cultivated  in  our  plant-houses,  at  least  I  have  never  been 
able  to  obtain  from  the  latter  the  floating  form  with  massive  swollen  leaf-stalks  which  I  gathered  in 
British  Gniana.  Whether  or  no  there  is  a  connexion  has  still  to  be  proved  experimentally.  I  do 
not  know  that  similar  forms  have  been  described  from  other  tropical  countries,  and  perhaps  in  South 
America  a  special '  physiological  race '  of  this  fern  has  develop^. 

'  Readily  seen  on  examhiing  a  sporophyll  in  the  inverted  position. 
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In  the  first  place  it  is  characteristic  that  all  the  spores,  as  in  the  Bryophyta, 
proceed  from  sporocytes  which,  with  reduction  of  the  number  of  chromo- 
somes, divide  into  four  daughter-cells-  This  is  also  the  case  in  the 
microsporangia  of  the  Spermophyta,  whose  development  therefore  can  be 
treated  of  in  this  place  also.  In  the  m^[asporangia  of  the  Spermophj^ 
peculiar  relationships  arise  which  demand  a  special  treatment. 

The  sporangium  at  a  middle  stage  of  development  consists  of  a  wall 
composed  of  a  number  of  cell-layers,  the  number  varying  in  different 
cases  ^ ;  of  an  inner  tissue  whose  cells  are  densely  filled  with  protoplasm  and 
later  form  the  sporocytes — the  sparogenous  cell-mass ;  and  of  one  or  more 
cell-layers  of  characteristic  aspect  which  envelop  the  sporogenous  cell-mass 

and  lie  below  the  wall — the 
tapetal  cells  which  together 
constitute  the  tapetum. 

The  significance  of  the  ta- 
petum  is  nutritive.  It  furnishes 
the  sporocytes  with  plastic 
material,  especially  what  is  re- 
quired at  a  later  period  for  the 
construction  of  the  outer  spore- 
membranes.  It  appears  that 
we  may  distingfuish  two  kinds 
of  tapetum  between  which, 
however,  there  are  a  number 
of  transitions : — 

I.  Plasmodial  tapetum,  in 
which  the  wall  of  the  tapetal 
cells  is  broken  down ;  its  plasm 
along  with  the  nuclei,  which  are  often  fragmented,  wanders  between  the 
isolated  sporocytes,  or  their  daughter-cells,  and  is  by  them  used  up.  The 
Filicineae  (Fig.  379),  Equisetum,  and  the  microsporangia  of  the  Spermo- 
phyta (Figs.  391,  392)  have  typically  a  plasmodial  tapetum. 

a.  Secretioft'tapetum,  in  which  the  tapetal  cells  remain  until  the 
ripening  of  the  spores,  but  they  excrete  evidently  soluble  substances  which 
are  used  by  the  sporocytes,  and  they  have,  as  elsewhere,  the  function  of 
supplying  the  sporangium-wall  with  plastic  material  in  an  available  form. 
The  sporangia  of  the  Lycopodineae,  and  especially  that  of  Selaginella 
(Fig.  394)  and  Isoetes  *,  have  a  secretion-tapetum. 


Fig.  391.  Symphytum  officinale.  Portioo  of  anther  with 
microsporanghun  in  transverse  section.  Sporogenoos  ceU-masa 
in  the  middle,  its  cells  having  large  nadet :  /,  tapetnm;  «,  epi- 
donnis ;  m,  onter  parietal  layer  which  forms  endothodnm ;  #, 
compressed  inner  parietal  layer. 


'  If  the  sporangial  wall  is  many-layered,  we  designate  in  what  follows  the  cells  which  lie  nnder  the 
ontennost  layer  and  outside  the  tapetum  as  the  parietal  layer^ 

*  See  Fitting,  Ban-  nnd  Entwicklnngsgeschichte  der  Makrosporen  voo  Isoetes  nnd  Selaginella,  ja 
Botanische  Zeitnng,  Iviii  (1900),  p.  107. 
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Apart  from  the  case  of  Isoetes  this  grouping  conforms  with  the 
arrangement  in  the  Pteridophyta  ^. 

The  idea  of  the  tapetal  cells  is  not  morphological^,  but  is  only 
functional^.  In  correspondence  with  this  the  origin  of  the  tapetum  is 
not  uniform.  Where  the  sporogenous  cell-mass  reaches  a  larger  size  there 
are  frequently  arrangements  which  make  possible  a  more  profuse  supply  of 
food-material.     These  are — 

{a)  an  increase  in  surface  of  the  sporogenous  cell-mass.  This  is  the 
case  in  the  sporangia  of  Lycopodium  clavatum  and  L.  annotinum,  for 
example,  as  well  as  in  the  microsporangia  of  many  Angiospermae,  where 
the  sporogenous  cell-mass  becomes  curved,  and  thus  comes  in  contact  with 
many  sterile  cells,  especially  at  its  base  (Fig.  393,//) ; 

{b)  individual  cells,  or  in  extreme  cases  many  cells,  or  a  cell-complex 
of  the  cell-mass,  become  sterile  and  serve  to  supply  food-material  to  the 
fertile  ones*.  Isoetes  supplies  the  most  striking  case  of  this.  Its  large 
broad  sporangia  are  traversed  by  trabeculae  of  sterile  tissue.  Their  appear- 
ance is  easily  understandable  on  account  of  the  size  of  the  sporangium. 
They  serve  to  bring  nourishment  to  the  sporogenous  cells,  and  they  also 
facilitate  by  their  intercellular  spaces  the  exchange  of  gases.  Bower  has 
shown  that  similar  arrangements  exist  in  Lepidodendron.  He  also  found 
irregularly  arranged  sterile  cells  in  the  sporogenous  tissue  of  Equisetum, 
Tmesipteris,  and  Psilotum,  as  well  as  in  Ophioglossum,  where  Rostowzew 
had  also  found  it*.  These  cases  recall  that  of  the  Hepaticae.  The  micro- 
sporangia  of  many  Spermophyta  show  similar  arrangements*.  In  some  of 
the  Onagrarieae  the  microsporangia  are  penetrated  by  plates  of  tissue ;  in 
Viscum,  Rhizophora  (Fig.  363),  and  others,  the  fertile  cells  in  the  anthers 
are  limited  to  isolated  groups. 

The  Archesporium.  The  origin  of  the  sporogenous  cell-mass  has 
given  rise  in  recent  years  to  a  series  of  investigations  especially  directed  to 
the  solution  of  the  question  whether  this  could  be  traced  back  to  a  single 
cell,  cell-row,  or  cell-layer,  which  in  the  very  young  stages  of  the  sporangial 
development  is  marked  out  by  a  rich  protoplasmic  content,  and  which 
produces  by  divisions  the  sporogenous  cells.  These  primitive  sporocytes 
have  been  called  the  archesporium'^. 


*  See  p,  173,  footnote  5. 

*  As  recent  authors  like  Komicke  have  maintained  in  the  ovule  of  the  Angiospermae. 

'  Goebel,  Vergleichende  Entwicklongsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbach  der 
Botanik,  iii  (1884),  p.  384. 

*  With  regard  to  the  connexion  between  con6gnration  of  this  sporogenous  cell-mass  and  its 
nutrition,  see  Goebel,  On  the  Simplest  Form  of  Moss,  in  Annals  of  Botany,  vi  (189a),  p.  356. 

'    *  In  Ophioglossum  pedunculosum  and  Equisetum  arvense  I  could  only  find  a  plasmodial  tapetum, 
no  sterilized  sporogenous  cells. 

*  See  p.  554. 

^  Goebel,  Beitrage  mr  vergleichenden  Entwicklungsgeschichte  der  Sporangien,  in  Botanische  Zeitung, 
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Strasburger  ^  has  recently  pointed  out  that  the  centre  of  gravity  of  the  process  of 
development  which  takes  place  in  the  sporangium  does  not  lie  in  the  archesporium, 
but  that  the  new  generation  starts  from  the  sporocytes,  as  in  their  division  a  reduction 
of  chromosomes  takes  place  which  is  accompanied  by  the  separation  of  these  cells  from 
their  condition  of  a  tissue.  Certain  is  it,  however,  that  the  centre  of  gravity  of  die 
development  does  not  lie  in  any  one  stage,  and  on  this  ground  one  cannot  speak  of 
a  *  centre  of  gravity '  in  the  process  of  development.  We  have  before  us  a  series  of 
definite  processes  following  one  upon  the  other  which  In  the  case  under  consideration 
lead  up  to  the  formation  of  spores.  That  in  these  the  changes  in  the  nuclear  division 
appear  to  us  to  be  the  most  striking  is  in  part  certainly  a  consequence  only  of  the 
imperfection  of  our  methods  of  investigation.  We  may  with  truth  say  that  in  the 
protoplasm  itself  there  are  changes  occurring,  and  indeed  not  suddenly  but  gradually, 
and  these  express  themselves  in  my  view  in  the  development  of  the  sporogenous  tissue 


FIG.  392.  Knaatia  arvensis.  Anther  in  transvene  section.  1.  younger  stage.  2,  older  stare 
le  microsporocytes,  /,  has  already  divided  into  four  danghter-cells.  /,  tapetal  cells  which  in  a  ha 
;  »,  #,  parietal  layers,  of  which  u  becomes  compressed,  and  a  forms  the  fibrous  parietal  layer  0 


/-/■,  vascular  cylinder. 


I.  yoanger  stage.    2,  older  stare  at  which  on«  of 

-     L.  L  .        ij^^^  many  nuclei, 

or  eadouieciam : 


out  of  the  archesporium.  That  the  archesporium  has  a  different  quality  from  the  rest  of 
the  tissue  will  be  shown  when  we  speak  of  apospory.  Moreover  the  aim  of  comparative 
investigation  of  the  sporangia  is  the  'proof  of  the  homology  of  the  development 
in  the  whole  series  of  sporangia ' ' — a  proof  which  remains  established  even  if  the 
differentiation  of  the  archesporium  is  not  everywhere  so  early  as  it  is  in  some  cases. 


xxxTiii  (t88o);  zxxbc  (i88x);  id.,  Vergleichende  Entwicklungsgeschichte  der  PfiaDzoioTgaDe,  in 
Sehenk's  Handbach  der  Botanik,  iii  (1884),  p.  384. 

^  Strasburger,  The  Periodic  Reduction  of  the  Number  of  Chromosomes  in  the  Life-history  of 
Living  Organisms,  in  Annals  of  Botany,  viii  (1894). 

'  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzenoiigane,  in  Schenk*s  Handbnch  der 
Botanik,  iii  (1884),  p.  384,  footnote  a. 


Digitized  by 


Goo^^ 


MICROSPORANGIA  OF  ANGIOSPERMAE 


599 


{a)    MICROSPORANGIA  OF  THE  ANGIOSPERMAE. 

Warming  ^  has  shown  that  the  archesporium,  as  well  as  the  wall-layers 
whfch  subsequently  surround  the  sporogenous  tissue,  proceed  from  a 
hypodermal  cell-row  or  cell-layer.  At  each  of  the  four  angles  of  the 
anther  a  hypodermal  cell-row  or  cell-layer  divides  by  periclinal  walls 
(Fig.  393,  a).  Of  the  cells  thus  produced  the  inner  give  rise  to  the 
archesporium,  the  outer  form  the  primary  tapetal  layer,  the  cells  of  which 
now  divide  further  by  periclinal  walls,  and  the  innermost  layer  of  cells  so 
formed  becomes  later  tapettim  (Figs.  391,  /,  392,  /),  its  cells  are  tapetal 
cells ^  and  this  layer  is  completed  on  the  inner  side  of  the  archesporium  by 
other  tapetum-cells  which  are  furnished  by  the  cells  limiting  it  there.  The 
process  which  in  all  details  corresponds  to  that  in  the  sporangia  in  tiie 
Pteridophyta  is  made  clear  by  a  comparison  of  the  figures. 


Fig.  393.  Hyoacyamns  albas,  i,  anther  in  transverse  section ;  gL  vaacolar  bondle  of  the  connective,  co.  The 
sporogenons  tissne  is  shown  in  the  four  microsporangia ;  pl^  sterile  tissue  within  the  sporogenoos  cell-masses^tlie 
plaoentotds  of  Chatin.  2,  scheme  of  youngs  anther  in  transverse  section ;  «,  arcIieq;)oriam ;  s^  primary  tapetal 
layer ;  /,  epidermis. 

Hyosoyamus.  In  Hyoscyamus  (Fig.  393,  a)  the  archesporium  shows  on 
transverse  section  a  cell-row.  The  sporogenous  tissue  which  proceeds  from 
this  is  not  very  large.  It  is  composed  only  of  two  cell-layers,  and  is  curved 
in  a  horse-shoe  shape,  so  that  the  tissue  of  the  stamen  is  pushed  into  the 
pollen-sac.  These  portions  of  staminal  tissue  have  been  called  by  Chatin 
placentoids,  but  they  have  really  nothing  in  common  with  the  placenta. 

Symphytum  offloinale.  In  Symphytum  (Fig.  391)  the  sporogenous 
tissue  is  much  greater  in  amount.  It  proceeds  here  from  a  cell-layer  which 
in  transverse  section  consists  of  only  a  few  cells  *. 

Knantia  arvensis.  There  are  also  cases  in  which  the  archesporial  cells 
become  directly  sporocytes.  We  find  this  in  Knautia  arvensis  (Fig.  39a). 
The  archesporium  is  here  a  cell-row.     The  cells  double  themselves  in  some 

*  Warming,  Uber  pollenbildende  Phyllome  nnd  Kaulome,  in  Hanstein's  Botaniache  Abhandlong, 
a  (1873). 

•  See  Warming,  op.  cit.,  Taf.  iii,  Figs.  1-8,  representing  Symphytnm  orientale. 
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pollen-sacs  by  one — seldom  two — longitudinal  walls  (Fig.  39a,  i,  below), 
and  the  cells  of  the  two  rows  which  thus  arise  become  now  sporocytes. 
In  other  cases  (Fig.  392,  2)  this  division  does  not  take  place,  and  the 
archesporial  cells  directly  become  the  sporocytes. 

The  outer  envelope  of  the  pollen-sac  is  formed  of  four  cell-rows  in 
Fig.  39a,  I — ^the  tapetal  cells,  /,  two  parietal  layers,  «,  s,  and  the  epidermis. 
The  outer  tapetal  cells  and  parietal  celk  have  proceeded  from  the  division 
of  one  layer  of  cells — the  primary  tapetal  layer — and  this  origin  is  still 
evident.  The  inner  of  the  two  parietal  layers,  s,  after  sharing  at  first  in 
the  conduction  of  plastic  material  to  the  sporogenous  cell-mass,  is  sub- 
sequently compressed  by  the  tapetal  cells,  which,  as  Fig.  392,  a,  shows, 
enlarge  greatly.  The  outer  parietal  layer  forms  here  as  in  many  other 
pollen-sacs  the  fibrous  cell-layer  of  the  anther — ^the  endothecium.  The 
walls  of  the  cells  of  the  endothecium  have  fibrous  thickening  upon  theif 
inner  side.  They  are  the  *  active'  cells,  and  in  the  process  of  drying 
a  tension  arises  which  ruptures  the  anther-wall  at  its  weakest  position, 
which  is  opposite  the  septum  separating  the  two  pollen-sacs  of  one  anther- 
half.  The  separation-wall  consisting  of  many  cell-layers  has  been  destroyed 
earlier  either  entirely  or  only  in  its  lower  part.  The  tapetal  cells  are  also 
here  dissolved  about  the  same  time  that  the  young  pollen-grains  become 
isolated.  First  of  all  there  is  usually  a  multiplication  of  the  cell-nuclei 
within  them  (Fig.  392,  2)  which  is  the  result  of  fragmentation,  according  to 
Strasburger.  The  protoplasm  of  the  tapetal  cells  is  used  up  by  the  growing 
pollen-grains. 

A  doubt  remains  as  to  the  first  differentiation  of  the  archesporium  in  some  of  the 
plants  investigated  by  Warming,  for  example  Zannichellia,  Gladiolus,  Ornithogalum, 
Funkia  ovata,  Eschscholtzia  califomica,  Tropaeolum.  It  is  possible  that  sometimes 
more  than  one  cell-layer  is  employed  in  forming  the  archesporium,  at  least  Warming 
gives  this  behaviour  in  the  case  of  Tropaeolum.  Yet  it  seems  to  me  that  according 
to  his  figures  this  case  also  can  be  traced  back  to  the  ordinary  scheme,  especially  if  one 
assumes  that  in  the  archesporium  very  irregularly  directed  division-walls  appear. 

{b)  Sporangia  of  the  Pteridophyta. 
Like  differences  with  regard  to  the  sharp  differentiation  of  the  arche- 
sporium are  found  amongst  the  Pteridophyta.  A  sporangium  of  a  medium 
development  in  Selaginella,  such  as  is  represented  in  Fig.  394,  shows  clearly 
that  it  corresponds  throughout  with  the  like  stage  of  development  of  a 
microsporangium  in  Angiospermae.  Above  and  to  the  left  is  a  loi^itudinal 
section  through  a  young  sporangium  \  a  is  ^xi  archesporial  cell  ^ ;  /is  the 
first  tapetal  cell  which  is  given  off  from  the  archesporium.  The  wall  of 
the  sporangium  becomes  later  two-layered  by  division. 

^  As  a  matter  of  fact  there  are  many  archesporial  cells  side  by  side  owing  to  the  flat  conformation 
of  the  sporangium,  and  this  can  be  seen  in  a  tangential  section. 
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According  to  Bower  ^  the  separation  of  the  wall  from  the  archesporium  does  not 
take  place  so  early  as  I  had  assumed  ^  but  the  cell,  /,  proceeds  from  the  division 
of  the  outer  cell,  and  it  itself  shares  in  the  formation  of  the  sporogenous  cell-mass. 
He  also  says  the  limitation  of  the  archesporium  is  frequently  less  sharp  than  I  sup- 
posed. He  thinks  that  in  Equisetum  arvense  and  Isoetes,  for  example,  sporogenous 
cells  can  be  furnished  by  those  which  I  had  considered  as  the  primordium  of  the 
wall  of  the  sporangium.  That  the  wall  can  be  differentiated  at  a  relatively  late 
period  from  the  sporogenous  cells  I  had  already  shown  in  the  case  of  Ophioglossum, 
and  according  to  Bower's  investigations  this  occurs  elsewhere.  A  variation  in  the 
formation  of  the  sporogenous  cells  is  found  also  in  the  Musci ;  cells  of  the  columella 
may  occasionally  be  fertile  even  in  the  Musci  which  have  a  sharply  differentiated 
archesporium,  and  it  seems  to  me 
that  the  question  whether  the  arche- 
sporium may  be  differentiated  earlier 
or  later  has  no  fundamental  import- 
ance, evidently  both  cases  may  occur. 
Absolute  rules  are  never  found  in 
relation  to  organisms. 

So  far  as  I  can  see  the  simplest 
expression  of  the  facts  regarding  the 
first  inception  of  the  sporangia  is 
this:  the  essential  content  of  the 
sporangium — the  sporogenous  cell- 
mass  +  sporangial  wall — can  be 
traced  back  to  a  superficial  cell,  cell- 
row,  or  cell-mass.  This  divides  by 
periclinal  walls.  In  this  way  the  pri- 
mordia  of  the  wall  and  sporogenous  cell-mass  are  separated,  but  the  outer  cells  or 
cell-layer  may  also  share  in  the  increase  of  the  sporogenous  mass,  and  the  wall  then  is 
only  later  differentiated.  One  might  then  designate  as  archesporium  that  superficial 
cell-row  or  cell-layer  which  earlier  or  later  gives  off  sterile  cells,  whilst  in  the  sporangia 
of  the  Angiospermae  the  archesporium  is  a  layer  lying  under  the  already  differentiated 
epidermis,  and  upon  this  would  depend  the  above-mentioned  differences  in  the 
structure  of  the  wall  within  the  Pteridophyta  and  the  Gymnospermae  on  the  one 
hand  and  the  Angiospermae  on  the  other'. 


Pig.  .394.  A  and  By  Selai^inella  spinnlosa.  Yoanj;^  and 
old  spoVanciain  in  longitudinal  section,  a,  archeaporiom, 
ahaded  in  an  6gares ;  /,  tapetum ;  /,  lip^le.  C,  Cuphea  Zim< 
pani.  Nacellos  of  ovale  in  longitudinal  section.  C,  after 
Johnsson. 


^  Bower,  Studies  in  the  Morphology  of  Spore-prodncing  Members :  I.  Equisetineae  and  Lyco- 
podineae,  in  Phil.  Trans.,  1894;  II.  Ophioglossaceae,  London,  1896;  III.  Marattiaceae,  in  Phil. 
Trans.,  1897;  IV.  Leptosporangiate  Fems,  in  Phil.  Trans.,  1899. 

'  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbuch  der 
Botanik,  iii  (1884).  I  have  not  myself  examined  into  this  question  anew,  and  therefore  refer  only 
to  the  very  thorough  investigations  of  Bower,  which  have  frequently  completed  and  partly  corrected 
my  investigations  made  before  the  time  of  microtome- work. 

'  I  do  not  regard  as  well  founded  the  statement  of  R.  Wilson  Smith,  The  Structure  and  Develop- 
ment of  the  Sporophylls  and  Sporangia  of  Isoetes,  in  Botanical  Gazette,  xxix  (1900),  p.  355.  '  The 
origin  of  the  sporogenous  tissue  from  a  hypodermal  layer,  separated  from  the  beginning  from  the 
epidermis,  is  a  spermatophyte  character.'  The  microsporangia  of  the  Gymnospermae  behave  quite 
like  those  of  the  Pteridophyta. 
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All  sporangia  in  the  outline  of  their  process  of  development  are  the 
same.  The  differences  in  details  are  more  a  question  for  systematists,  and 
may  be  omitted  here*.  I  must,  however,  refer  to  the  difference  between 
eusporangiate  and  Uptosporangiate  forms: — 

EUSPORANGIA  AND  Leptosporangia.  Eusporangia  are  sporangia 
which  proceed  from  many  cells  and  have,  at  least  in  the  primordium, 
a  many-layered  wall.  Leptosporangia  are  sporangia  which  proceed  from 
one  cell  and  have  a  one-layered  wall.  There  are  transitions  in  the 
Osmundaceae. 

It  probably  may  be  also  added  as  a  distinction  that  the  stalk  in  the 
eusporangium  consists  of  a  portion  of  the  tissue  of  the  sporophyll  * ;  the 
stalk  in  the  leptosporangium  proceeds  from  the  archesporium,  so  that  if 
the  mother-cell  of  the  sporangium  of  the  Leptosporangiatae  is  designated 
as  the  *  archesporium  V  the  archesporium  would  appear  to  be  here  in  most 
cases  a  derived  structure  in  that  only  after  formation  of  a  number  of  sterile 
cells  it  proceeds  to  the  formation  of  the  fertile  ones.  Leptosporangia  occur 
only  in  Leptosporangiate  Filicineae ;  all  other  Pteridophyta,  as  well  as 
Spermophyta,  have  eusporangia.  This  distinction  is,  however,  not  absolute, 
as  may  be  expected  from  what  has  been  already  said  ^  and  the  sporangia 
of  the  Osmundaceae  are  probably  a  connecting  link  between  the  two 
forms  of  sporangia. 

One  other  question  must  be  dealt  with  here,  namely,  that  of  the 
origin  of  the  distinction  between  microsporangia  and  m^asporangia : — 

MiCROSPORANGiA  AND  Megasporangia.  When  we  compare  the 
development  of  the  megasporangia  in  the  heterosporous  Pteridophyta  with 
that  of  their  microsporangia,  two  facts  of  general  interest  appear: — 

I.  The  development  of  the  two  kinds  of  sporangia  proceeds  for  a  long 
time  in  the  same  way,  and  the  whole  development  of  the  microsporangia 
corresponds  with  that  of  sporangia  which  have  only  one  kind  of  spore  ;  but 
in  the  megasporangia  an  abortion  of  a  number  of  the  sporocytes  takes 
place.  The  megasporangia  show  in  their  development  also  that  they 
are  derived  from  sporangia  which  have  possessed  a  larger  number  of  spores 
than  is  now  the  case,  and,  as  a  matter  of  fact,  in  fossil  forms  a  lai^er 
number  of  megaspores  are  present  *. 

^  For  these  details  see  the  thorough  investigation  of  Bower,  Studies  in  the  Morphology  of  Spore- 
producing  Members :  I.  Equisetineae  and  Lycopodineae,  in  Phil.  Trans.,  1894 ;  II.  Ophioglossa- 
ceae,  London,  1896;  III.  Marattiaceae,  in  PhiL  Trans.,  1897;  IV.  Leptosporangiate  Ferns,  in  Phil. 
Trans.,  1899. 

'  See  p.  476,  Botrychium. 

'  Not,  as  has  been  customary  up  to  now,  the  tetrahedral  inner  cell  from  which  the  sporocytes 
proceed. 

*  See  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in  Schenk*s  Handbnch 
der  Botanik,  iii  (1884). 

*  In  Calamostachys  Casheana — a  fossil  equisetineous  plant—numerous  spores  are  present  in  the 
megasporangium,  although  they  are  fewer  in  number  than  in  the  microsporangia.    See  Scott,  Studies 
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a.  Amongst  the  heterosporous  forms  which  have  now  living  repre- 
sentatives, a  reduction  takes  place  which  we  can  follow.  Tetrad-formation 
goes  on  in  all  the  sporogenous  cells  t<^ether  of  the  megasporangia  of 
Salvinia  and  the  Marsiliaceae,  but  it  is  only  in  one  of  the  tetrads  that  one  of 
the  four  daughter-cells  forms  a  megaspore.  Whilst  then  only  one  megaspore 
is  found  in  each  megasporangium,  the  heterospory  has  proceeded  less  far 
than  it  has  in  Selaginella,  where  four  megaspores  arise  from  one  tetrad. 

The  Megasporangium  of  Selaginella.  In  Selaginella  the  development 
of  the  megasporangium  is  characterized  throughout  by  the  fact  that  usually 
only  one  cell  of  the  sporogenous  mass  ^  arrives  at  the  formation  of  tetrads. 
Fig.  395  shows  a  megasporangium  in  which  the  cells  of  the  sporogenous 
cell-mass  have  degenerated.  One  is  larger  and  richer  in  content  than  the 
others,  and  this  is  the  megasporocyte  which 
will  divide  into  four  daughter-cells.  There 
can  be  no  doubt  that  the  sterile  and  un- 
divided *  sporocytes  are  used  up  as  nutrition, 
although  their  remains  may  long  be  retained. 
We  may  well  assume  that  each  one  of  the 
sporogenous  cells  was  in  the  condition  to 
become  fertile,  and  that  the  relationships 
here  are  somewhat  like  those  in  the  case  of 
bees,  whose  female  larvae  have  all  the  po- 
tentiality of  developing  into  queens,  whilst 
in  reality  this  usually  only  happens  in  one 

special  one  that  is  well  fed.  Anyhow  it  pj^^^^.  sdagineiuerythropas.  Mega, 
appears  in  Selaginella,  so  far  as  my  observa-  r^?S^^t^SedTi'^^^^^ 
tions  reach,  that  the  most  favoured  cell  is  SS:i"a{*XdivSe.'*'^'*'*'^"' *""*  *"**' 
one  which  lies  about  the  middle  of  the  spo- 
rangium. Even  if  it  should  take  up  no  material  from  the  sporocytes  which 
remain  sterile^,  it  would  be  still  favoured  in  its  nutrition,  as  to  it  alone 
all  material  would  stream  from  the  tapetal  cells.  It  is  recognizable  even 
before  the  breaking  up  of  the  sporogenous  cell- mass*. 

The  Megasporangium  of  Isoetes.     The  differentiation  of  the  mega- 


in  Fossil  Botany,  London,  1900,  p.  55.     Also  in  Lepidostrobus  Veltheimianns  more  than  four  spores 
(8  to  16?)  are  found  in  each  megasporanginm,  ibid.,  p.  173. 
'  In  Selaginella  erythropos  I  found,  not  infrequently,  two. 

*  As  Sachs  rightly  showed.  The  statement  of  Campbell,  The  Structure  and  Development  of  the 
Mosses  and  Ferns,  London,  1895,  p.  504,  that  the  differentiation  of  the  megasporocyte  takes  place  only 
after  the  tetrad-division  in  all  the  sporocytes,  is  erroneous — at  least  for  the  species  examined  by  me. 

'  In  Selaginella  helvetica  and  S.  deuticulata  the  sporocytes  degenerate  in  the  microsporangia.  See 
Goebel,  Vergleichende  Entwicklungsgcschichte  der  Pflanzenorgane,  in  Schenk's  Handbuch  der 
Botanik,  iii  (1884),  p.  389.  This  shows  also  that  the  difference  between  microsporangia  and 
megasporangia  is  only  one  of  degree. 

*  See  also  Fitting,  Bau-  und  Entwicklungsgcschichte  der  Makrosporen  von  Isoetes  und  Selaginella, 
in  Botanische  2^itung,  Iviii  (1900). 
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6o4  DEVELOPMENT  OF  THE  SPORANGIUM 

sporocytes  in  Selaginella  takes  place  always  at  an  earlier  stage  in  the 
development  than  it  does  in  Isoetes,  where  both  in  the  microsporangia  and 
megasporangia  there  is  a  further  approach  to  the  behaviour  of  the  Spermo- 
phyta.  This  view,  which  I  published  long  ago,  I  still  maintain  after 
renewed  investigation  of  both  Isoetes  lacustris  and  I.  Hystrix  *. 

The  contradiction  which  my  statement  has  met  with  at  the  hands  of  Fitting ' 
and  of  Smith '  relates  to  subsidiary  points,  such  as  the  arrangement  of  the  cells,  the 
question  when  the  separation  of  wall  and  content  takes  place,  and  the  like.  I  have 
said  ^  that  from  the  archesporium  a  cell-mass  proceeds,  composed  at  first  of  similar 
cells  arranged  nearly  at  right  angles  to  the  surface  of  the  sporangium;  isolated 
cell-rows  of  the  mass  lose  their  rich  protoplasmic  content,  remain  also  in  their  growth 
behind  the  others,  and  become  the  trabecular  I  do  not  find  that  Smith's  account 
deviates  from  this  in  any  essential  point  He  finds  the  arrangement  of  the  cells  less 
regular ;  doubtless  it  varies.  In  Isoetes  Hystrix,  for  example,  they  run  nearly  in  rows 
which  are  directed  obliquely  towards  the  base  of  the  sporangium.  I  have  never 
designated  the  sporangia  as  'chambered'  or  as  'compound,'  although  Smith  thinks 
this  to  be  a  consequence  of  my  work,  and  the  trabeculae  are  expressly  designated  as 
*  sporogenous  tissue  which  has  become  sterile.'  The  tapetal  cells  are,  as  in  Selaginella, 
not  broken  down.  With  regard  to  the  megasporangia  I  stated  *  that  at  a  medium 
stage  of  development  there  is  one  large  sporocyte  lying  in  the  middle  of  the  sporan- 
gium. This  is  the  case ;  but  I  was  wrong,  as  the  investigations  of  Fitting  and  Smith 
have  shown,  in  the  statement  that  the  megasporocyte  exercises  a  destructive  influence 
upon  the  surrounding  cells.  I  still  find  stages  in  which  the  megasporocytes  are 
separated  from  the  surface  by  two  or  three  cells  which  I  had  considered  as  proceeding 
from  the  division  of  an  archesporial  cell  out  of  which  the  megasporocyte  also  came, 
and  I  see  nothing  to  lead  me  to  regard  this  interpretation  as  wrong.  This  point  is, 
however,  quite  subordinate.  What  is  more  important  is  the  feet  that  in  the  mega- 
sporangia of  Isoetes  the  cells  which  do  not  become  megasporocytes  divide  further^ 
although  no  further  than  do  megasporocytes,  and  take  on  a  much  more  vegetative 
character  than  do  those  of  Selaginella.  In  the  megasporangium  of  Isoetes  Hystrix 
there  appears  moreover,  as  I  find  in  conformity  with  Smith,  at  the  beginning  a  number 
of  cells  marked  out  by  their  size,  all  of  which,  however,  do  not  become  megasporocytes. 
Those  which  remain  sterile  evidently  divide  later.  In  this  and  not  in  the  relationships 
of  the  arrangement  of  the  cells  lies  as  it  appears  to  me  the  interest  of  the  development 
of  the  sporangium  in  Isoetes,  for  we  have  in  it  a  further  approach  to  the  behaviour 
of  the  megasporangium  of  the  Spermophyta — an  approach  which  is  also  expressed 
in  the  differentiation  of  the  microsporangia  and  megasporangia  at  an  earlier  period 
in  Selaginella  than  in  Isoetes. 


*  From  material  kindly  supplied  by  Graf  zu  Solms-Laubach. 

^  Fitting,  Baa-  and  Entwicklangsgeschichte  der  Makrosporen  von  Isoetes  and  SelagiaeUa,  in 
Botanische  Zeitnng,  Iviii  (1900). 

'  R.  Wilson  Smith,  The  Structare  and  Development  of  the  Sporophylls  and  Sporangia  of  Isoetes, 
in  Botanical  Gazette,  xxix  (1900),  pp.  335,  323. 

*  Goebel,  Vergleichcnde  Entwicklangsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbach  der 
Botanik,  iii  (1884),  a  work  which  Smith  has  not  referred  to.  *  Goebel,  op,  cit. 
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IV 

PHYLETIC   HYPOTHESES   RELATING  TO  THE 
FORMATION   OF  SPORANGIA 

I  propose  to  deal  briefly  here  with  the  hypotheses  to  which  origin  has 
been  given  by  the  necessity  for  the  endeavour  to  connect  the  different 
forms  of  sporangia!  formation  one  with  another,  and  at  the  same  time  to 
connect  the  relationships  of  propagation  of  the  Pteridophyta  and  Spermo- 
phyta  with  those  of  the  Bryophyta.  I  cannot  pretend  to  give  an  account 
of  the  different  views,  more  or  less  well  founded,  of  different  authors; 
I  must  content  myself  in  this  respect  with  specially  calling  attention  to 
Bower  s  views,  because  they  are  founded  upon  a  number  of  exact  historical 
developmental  investigations.  All  I  can  do  here  is  to  put  forward  some 
general  thoughts  lying  at  the  base  of  this  research. 

The  principle  from  which  we  start  is  that  first  formulated  by  NSlgeli  \  In  the 
year  1853  Nageli  wrote  'One  of  the  first  laws  is  that  a  higher  species  or  group 
repeats  the  phenomena  of  the  lower,  but  proceeds  therefrom  to  a  new  phenomenon. 
This  first  law  finds  its  explanation  and  its  origin  in  a  second  which  to  me  appears  to 
be  of  the  highest  significance  for  the  succession  of  the  groups  in  the  Plant  Kingdom : — 
/he  reproductive  phenomenon  of  one  stage  is  at  a  higher  stage  vegetative'  In  1884 
N^geli  more  fully  set  forth  this  view '  and  assumed  that  the  sporophyte-generation 
of  the  Pteridophyta  has  arisen  by  the  branching  of  a  sporophyte  like  that  of  the  moss; 
it  formed  a  spike-like  strobilus  in  which  the  terminal  sporangium  disappeared,  and 
the  lateral  ones  'by  adaptation'  became  constructed  in  a  leaf-like  form.  That 
Nligeli's  *  law ' — apart  altogether  from  the  hypothesis  just  mentioned — is  one  of  great 
importance  admits  of  no  doubt  In  Part  I  of  this  book  it  was  shown  in  examples  of 
the  construction  of  colonies,  for  example  in  the  Myxomycetes,  how  a  'higher' 
construction  of  the  vegetative  body  comes  about  by  the  postponement  of  the  propaga- 
tion to  a  later  stage  of  development,  and  this  is  really  the  essence  of  N^geli's  law. 
We  see  further  that  the  sporogonia  of  the  Bryophyta  arrange  themselves  in  a  series 
which  begins  with  forms  in  which  all  the  cells  are  devoted  to  spore-formation,  as  in 
Riccia — with  the  exception  of  a  peripheral  layer — and  ends  with  forms  in  which  the 
majority  of  the  cells  of  the  sporogonium  have  become  sterile.  Also  in  the  sporangia 
of  the  Pteridophyta  such  a  sterilization  appears  as  we  see  in  the  trabeculae  in  Isoetes', 
and  in  the  chambering  of  the  sporangia  of  Psilotum,  the  synangia  of  Marattia,  aiid 
elsewhere  as  interpreted  by  Bower.  Further  in  the  shoots  a  sterilization  of  those  which 
originally  were  flower-shoots  or  inflorescences  is  a  wide-spread  phenomenon.  The 
question  then  is  how  far  do  iht  facts  thai  are  before  us  warrant  our  extending  the 
principle?    Let  us  look  at  a  special  case. 


^  Niigeli,  Systematische  Oberaicht  der  Encheiniingeii  im  Pflanzenreich,  Frdbnig  i.  B.,  1853,  p.  35. 
'  NageU,  Mechanisch-physiologische  Theorie  der  Abstammongslehre,  tee  spectaUy  p.  47a. 
'  Goebel ,  Beitragc  zur  vergleichenden  Eot wicklungsgeschichte  der  SponmgieD,  in  Botanische  Zeitiifig» 
xxx?iii  (1880),  p.  565. 
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6o6     PHYLETIC  HYPOTHESES  OF  SPORANGIAL  FORMATION 

When  speaking  of  the  sporophyll  the  peculiar  position  of  the  sporophyll  of  the 
Ophioglossaceae  was  pointed  out :  how  it  arises  upon  the  upper  side  of  a  foliage-leaf. 
The  whole  sporophyll  is  now  regarded  by  many  authors  as  a  sporangium  of  equal 
value  to  that  of  Lycopodium  ^  Now  the  sporangia  of  L}rcopodium  arise  in  the 
leaf-axils  (Fig.  396, 1).  If  we  suppose  such  a  sporangium  is  gradually  increased  in 
size,  a  large  number  of  sterile  celb  will  be  necessary  for  the  nourishment  of  the 
spores.  We  might  then  suppose  that  as  in  Anthoceros  or  Sphagnum  the  archesporium 
surrounds  like  a  dome  the  inner  sterile  mass  (Fig.  396,  II),  and  that  further  as  in  the 
Musci  also  the  upper  part  of  the  archesporium  was  sterilized  (Fig.  396,  III).  Upon 
the  transverse  section  of  such  a  construction  we  might  find  the  archesporium  no 
longer  annular  but  at  two  places  only — right  and  left  (Fig.  396,  IV).  If 
now  further  sterilization  throughout  its  length  breaks  it  up  into  single  secticxis 
(Fig.  396,  V),  we  could  thus  obtain  the  sporangia  of  Ophioglossum,  and  if  ti^ae 

were  to  project  slightly 
/"^       r\  /s'^  those    of    Botrjchium 

/•  •\    (?    ^        S   r^  (Fig.396,VII)«.    Weie 

these  sporangia  now 
partly  sterilized  we 
should  obtain  a  lateral 
sporangiophore  sterile 
at  the  tip  as  it  is 
found  in  Helmintho- 
stachys  (Fig.  396, 
VIII),  and  eventually 
by  complete  steriliza- 
tion a  sterile  leaf. 

It  has  been  shown*  that  if  we  read  backwards  the  history  of  development  of  tlie 
microsporangia  of  Juniperus  we  find  there  the  transition  firom  a  sporangium  into 
a  sporangiferous  leaf.  The  sporangia  were  then  primary,  the  foliation  of  these 
secondary.  That  such  a  process  is  possible  cannot  be  denied,  but  the  facts  which 
have  been  used  as  a  starting-point  do  not  form  a  sure  foundation  for  it  According 
to  the  present  state  of  our  knowledge,  far-carrying  phyletic  constructions  which  deal 
with  processes  which  were  in  progress  in  the  very  earliest  periods  of  the  earth's 
history,  of  which  the  vegetation  is  known  to  us  now  only  by  some  straggling  remains, 
for  instance  that  of  the  Carboniferous  Period,  are  certainly  stimulating,  especially  if 
they  are  founded  with  sagacity,  but  there  are  numerous  problems  which  oflfer  more 
prospect  of  a  certain  solution  than  these.  In  this  connexion  I  may  refer  to  what 
I  have  said  regarding  the  sporophyll. 


podinnC  into 
the  noniben 


Bporanjiriam,  say  of  Lyco> 
a  aporophrll  like  that  of  Helmiathostachys.  The  sUfi;ea  follow 
I  to  Yin.    VIII  reprnents  the  sporophyUTof  Helminthoaud 


Fig.  396.    Scheme  of  the  tranaformfttion  ot 
int< 

ipments  thesporophyl  ^ 

IV  repreaenta  a  transverae  aectioa  of  the  aporopoyll  of  Ophiogloaamn  with 


ach^a. 


eDTeloptnsr  sterile  leaf-portton. 


^  We  mast  not  forget  that  the  selection  of  a  single  organ  without  reference  to  others  most  often 
lead  to  untenable  conclusions.  The  Ophioglossaceae  are  nndonbtedly  Filtdneae  by  their  stractuie^ 
the  development  of  their  leaves,  shoot-axes,  roots,  and  sporangia.  One  must  therefore  comptm 
them  with  Filicineae  not  with  Lycopodineae. 

'  This  figure  corresponds  more  with  the  sporangial  spike  of  Botrychinm  nmplex.  In  most  species 
of  Botrychinm  we  find  that  the  portion  bearing  the  sporangia  is  branched.  One  must  therefoce 
■oppose  that  a  division  by  branching  of  a  marginal  sporangium  has  taken  place. 

»  Seep.  516. 
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APOSPORY 

By  apospory  is  meant  the  remarkable  phenomena  which  are  expressed 
in  the  suppression  of  the  formation  of  the  spores.  To  a  certain  extent  it 
is  the  converse  of  the  apogamy  ^  of  the  prothallus,  and  it  appears  in  two 
different  forms: — 

(a)  The  sporangia  are  replaced  by  a  vegetative  propagation  of  the 
sporophyte,  the  gametophyte  is,  as  it  were,  entirely  kept  out 

This  case  is  as  yet  only  known  in  Isoetes,  and  here  only  from  the 
single  station,  Lake  Longemer  in  the  Vosges  ^.  It  is,  however,  probable 
that  it  will  be  found  elsewhere.  The  phenomenon  comes  about  probably 
under  the  direct  influence  of  external  factors.    The  facts  are  shortly  these  : 

There  are  plants  of  Isoetes  which  bear  neither  megasporangia  nor 
microsporangia,  but,  in  place  of  these,  young  plants  are  developed  upon 
the  leaves.  In  some  cases  sporangia  are  found  as  well.  In  Fig.  292  a  case 
is  represented  in  which  a  leaf  bears  a  reduced  sporangium,  and  below  it 
a  shoots  There  are  also  intermediate  stages  between  the  normal  con- 
struction and  complete  suppression  of  the  sporangia,  coupled  with  their 
replacement  by  the  formation  of  shoots.  That  the  suppression  of  the 
sporangia  takes  place  under  conditions  which  are  unfavourable  for  the 
development  of  sporangia — be  these  failure  of  illumination  or  the  nature  of 
the  soil — is  very  probable,  but  exact  information  upon  this  can  only  be 
obtained  by  experimental  cultures— observations  in  the  natural  habitat 
alone  are  insufficient.  I  have  already  compared  this  case  with  that  of  the 
formation  of  the  gemmae  in  Lycopodium  Selago,  in  which  species  it  is 
characteristic  to  find  the  gemmae  appearing  in  the  region  of  the  shoot 
where  the  formation  of  the  sporangia  is  suppressed  ^.  The  conditions  for 
this  in  Lycopodium  Selago  are  in  the  first  place  given  by  periodicity, 
probably  induced  primarily  by  external  factors ;  in  Isoetes  it  is  a  con- 
sequence probably  directly  of  the  environmental  conditions  of  the  station. 
The  general  interest  of  the  case  lies  in  this,  that,  apart  from  the  remarkable 
morphological  fact,  a  rich  shoot-development  takes  place  in  a  plant  which 
otherwise  usually  remains  unbranched. 

(6)  The  gametophyte  is  formed  directly  from  the  sporophyte,  without 
the  intervention  of  spores. 


*  See  p.  a2o. 

'  Goebel,  Uber  Sprossbildnng  anf  Isoetetblattern,  in  Botanische  Zeitnng,  xxxvii  (1879),  p.  1  ; 
xxxviii  (1878),  p.  413;  also  Mer,  De  rinfluence  exerc^  par  le  milien  snr  la  forme,  la  stmctore  et  le 
mode  de  reproduction  de  Tlsoetes  lacnstris,  in  Comptes-rendns  de  TAcad^mie  des  sciences,  xcii  (1881). 

'  It  may  be  remarked  that  also  amongst  the  normal  plants  the  sporangium  often  keeps  only  to  the 
upper  part  of  the  leaf-base  on  leaves  which  have  restricted  formation  of  sporangia. 

•  See  p.  467. 
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APOSPORY 


Druery  was  the  first  who  found  in  Athyrium  Filix  foemina  clarissima 
(Fig.  397)  an  arrest  of  the  spore-formation  and  development  of  the 
prothalli  out  of  the  sporangium  without  the  intervention  of  spores.  Bower 
made  a  thorough  investigation  of  the  phenomenon,  and  named  it  apospory  ^. 
He  found  that  the  arrest  of  the  development  of  the  sporangia  may  take 
place  at  different  stages,  and  an  aposporous  further  development  of  the 
sporangia,  from  which  prothalli  grow  out,  ensues  all  the  more  completely 
the  earlier  this  arrest  takes  place.  In  the  sporangia  which  have  proceeded 
furthest  in  their  *  normal '  development,  no  further  development  takes  place, 
or  this  goes  on  only  in  the  stalk,  and  it  is  of  special  interest  that  the 

archesporium  *  takes  no  share  in  the  further 
vegetative  development.  We  may  in  this  see 
an  indication  that  the  archesporium  is  dis- 
tinguished from  the  other  cells  of  the  sporan- 
gial  primordium,  just  as  we  saw  that  a  further 
development  can  proceed  in  the  wall-layers 
of  the  antheridium  or  the  archegonium,  but 
not  in  the  spermatocytes  ^  The  prothalli 
which  grow  out  from  this  sporangium  pro- 
duce normal  sexual  organs. 

In  Polystichum  angulare,  van  pulcherri- 
mum,  the  apospory  goes  further.  Prothalli 
here  arise  from  the  arrested  sporangia,  from 
the  base  of  the  sorus,  from  the  surface  of  the 
pinnules,  or  from  the  leaf-tip.  The  develop- 
ment of  the  sporangium  is  thus  entirely  cut 
out. 

The  same  thing  is  observed  in  Scolopen- 
drium  vulgare,  van  crispum  Drummondiae. 

In  Lastraea  pseudomas,  van  cristata, 
Druery  found*  the  leaf-tip  of  a  germ-plant 
growing  out  into  prothalli,  and  he  described 
germ-plants  in  which  the  primary  leaves 
consisted  of  erect  prothalli  standing  upon  stalks  which  corresponded  well 
with  leaf-stalks. 

The  causes  of  these  remarkable  phenomena  are  unknown  to  us.  We 
only  know  that  they  have  nothing  to  do  with  the  influence  of  cultivation. 

^  Bower,  On  Apospory  and  AUied  Phenomena,  Transactions  of  the  Linnean  Society,  London,  1889. 

'  Using  this  term  in  iu  ordinary  sense,  that  is,  for  the  tetrahedral  ceU  ont  of  which  the  tapetal  cell 
and  the  sporogenous  cell-mass  proceed. 

»  Seep.  187. 

^  Druery,  Notes  npon  Apospory  in  a  Form  of  Scolopendrium  vulgare,  var.  crispum,  and  a  new 
Aposporous  Athyrium ;  also  An  Additional  Phase  of  Aposporous  Development  in  Lastraea  pseudomas, 
var.  cristata,  in  Journal  of  the  Linnean  Society,  xxx  (1894). 


Fig.  307.  Athyrittm  Filix  foemtna  cUris- 
Bima.  1  and  It,  ahiionnal  sporangia  in 
optica]  •ection.  Ill  and  IV,  similar  spor- 
angia from  the  oatside. 
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Speculations  innumerable  may,  however,  be  based  upon  them,  but  they  do 
not  give  us  much  insight.  We  may,  for  example,  derive  the  Pteridophyta 
from  a  plant  which  had  no  alternation  of  generations,  but  somewhat  the 
conformation  of  a  prothallus  of  Lycopodium  inundatum  ;  whose  lobes  bore 
partly  sexual  organs  and  partly  spores,  and  only  later  its  development 
divided  into  a  gamophytic  and  sporophytic  section,  which  origfinally  were 
constructed  alike ;  then  the  gametophyte  experienced  a  r^ression  and  the 
sporophyte  a  prc^ression.  This  may  be  spun  out  further,  but  it  is  mere 
fancy,  which  does  not  help  us  forward.  We  do,  however,  see  here  that  the 
cells  of  the  sporophyte  can  furnish  the  gametophyte  without  the  reduction 
of  the  chromosomes  to  one  half,  as  it  takes  place  in  the  division  of  the 
sporocytes.     Moreover,  apospory  also  can  be  combined  with  apogamy^. 

The  transitions  which  lead  from  the  normal  behaviour  to  apospory 
appear  to  me  to  show  that  apospory  is  not  an  original  but  a  derived  con- 
dition in  which  two  factors  are  concerned : — 

I.  The  arrest  of  the  development  of  the  sporangia ; 

a.  The  introduction  of  a  new  vegetative  development  leading  to 
formation  of  prothalli. 

Favourable  objects  for  experimental  investigation  would  be  furnished 
by  the  Hymenophyllaceae  with  their  basipetal  development  of  the  sonis. 
That  apospory  is  found  frequently  in  forms  of  fern  in  which  the  configura- 
tion of  the  leaf  deviates  from  the  normal  type,  shows  us  that  the  formation 
of  the  organs  has  connexions  about  which  at  present  we  know  nothing. 
A  slight  change  in  the  whole  constellation  can  effect  a  destruction  in 
another  place.  We  have  to  do  with  a  system  of  connexions  where  *  one 
thread  holds  thousands.'  An  insight  into  these  connexions  can  only  be 
obtained  experimentally,  and  a  work  of  Atkinson^  is  of  interest,  who, 
repeating  my  research  into  the  virescence  of  Onoclea  ^,  found  apospory  in 
virescent  sporophylls  of  Onoclea  sensibilis  which  were  produced  experi- 
mentally. Here  the  influence  is  certainly  one  from  the  outside,  but  up  till 
now  we  only  know  the  external  jog  which  brings  it  about,  not  the  chain 
which  conditions 

I.  the  destruction  of  the  sporangial  development,  which  also  takes 
place  in  Onoclea  Struthiopteris  under  like  conditions ; 

a.  the  development  of  the  prothalli. 

The  examination  into  these  connexions,  and  not  the  creation  of  phyletic 
pictures,  will  be  the  work  of  the  future. 

^  .See  Bower,  On  some  Nonnal  aod  Abnormal  Developments  of  the  Oophyte  in  Trichomanes,  in 
Annals  of  Botany,  i  (1888). 
'  Only  known  to  me  by  a  reference  in  Just's  Botanischer  Jahresbericht,  Jahrgang  xxiv  (1896),  p.  433. 
»  See  p.  475. 
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VI 
THE  SPORANGIUM  OF  THE  SPERMOPHYTA 
A.  MICROSPORANGIA. 
{a)  MICROSPORANGIA  OF  THE  GyMNOSPERMAE. 
The  structure  of  the  microsporangia  of  the  Gymnospermae  links  on 
closely  to  that  of  the  sporangfia  of  the  Pteridophyta,  in  that  the  outermost 
layer  of  their  sporangial  wall  shows  the  same  characteristic  thickenings  of 
the  active  cells  of  the  opening  mechanism — at  least  this  is  the  case  in  all 
the  Cycadaceae,  Coniferae,  and  Gnetaceae  which  I  have  examined  ^.  The 
development  of  the  microsporangia  also  ^  is  so  like  that  of  the  sporangia 
of  the  Pteridophyta  that  it  does  not  appear  necessary  to  enter  into  this 
question  here,  and  the  relationships  of  arrangement  and  of  number  have 
already  been  spoken  of  when  the  sporophyll  was  described  ^  I  will  only 
state  that  in  the  arrangement  of  the  microsporangia,  especially  if  these  are 
few  in  a  sorus,  we  can  readily  see  that  they  are  uniformly  distributed  in  the 
space  available — for  instance,  if  there  be  three  they  stand  at  about  i2d* 
from  one  another — and  that  they  also  have  a  marked  dorsiventral  structure, 
and  in  correspondence  therewith  they  open  by  a  longitudinal  slit  which  is 
directed  downwards — ^reckoned  from  the  stamen.  In  the  Coniferae  there 
occur  both  longitudinal  and  transverse  slits,  the  latter,  for  example,  in 
Abies,  and  doubtless  the  difference  in  the  method  of  opening  is  connected 
with  the  conformation  and  lie  of  the  sporangia*:  elongated  nearly  cylindric 
sporangia,  like  those  of  Pinus,  best  open  along  their  long  axis ;  those  of 
Abies  are  more  spherical.  In  a  more  spherical  sporangium  the  direction 
of  opening  is  a  matter  of  little  moment,  yet  in  such  a  case  it  is  influenced 
by  the  position,  for  instance  in  Juniperus  and  other  Cupressineae  the 
opening  takes  place  on  the  side  which  is  turned  away  from  t/ie  sporophyll — 
an  arrangement  regarding  the  advantage  of  which  it  is  unnecessary  to 
speak,  especially  as  it  has  been  shown  how  in  the  Pteridophyta  there  is 
a  connexion  between  the  lie  and  the  manner  of  opening  of  the  sporangia. 

{b)  Microsporangia  of  the  Angiospermae. 
'  The  microsporangia  of  the   Angiospermae   differ  from  those  of  the 
Gymnospermae  in  this  that  their  active  cells  where  such  exist  are  always 

^  Regarding  Ginkgo  see  p.  5i5< 

•  See  concerning  the  Cycadaceae :  Warming,  Bidrag  til  Cycademes  Naturhistorie,  Afdryk  af  Oven, 
over  d.  K.  D.  Videnik  Selsk.  Forhandl.,  1879 ;  Treob,  Recherches  sor  les  Cycad^es,  in  Annales  da 
Jardin  botanique  de  Boitenzorg,  ii  (1881) ;  W.  H.  Lang,  Studies  in  the  Development  and  Morphology 
of  Cycadean  Sporangia :  The  Microsporangia  of  Stangeria  paradoxa,  in  Annals  of  Botany,  xi  (1897). 
Concerning  the  Coniferae:  Strasborger,  Die  Coniferen  and  Gnetaceen,  Jena,  187a  ;  Goebel,  BeitriLge 
zur  vergleichenden  Entwicklangsgeschichte  der  Sporangien,  in  Botanische  Zeitong,  xl  (l88a),  p.  771. 

'  Seep.  511. 

*  Compare  Goebel,  Cher  die  Pollenentleerang  bei  einigen  Gymnospermen,  in  Flora,  xdi  (Ergan- 
zungsband  zum  Jahrgang  T902). 
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hypodermaL  Even  where  in  the  mature  condition  the  active  cells  apparently 
form  the  outermost  layer,  for  example  in  Casuarina,  the  history  of  develop- 
ment nevertheless  shows  that  there  is  an  epidermis  over  them,  but  its  cells 
soon  become  inconspicuous,  and  in  the  examination  of  the  mature  anthers 
can  be  readily  overlooked.  In  many  cases  the  formation  of  active  cells  is 
suppressed  entirely,  for  example  in  the  parasitic  Pilostyles  Ulei  and  in  the 
Ericaceae,  or  partly  as  in  many  plants  like  Berberis,  which  have  valvular 
dehiscence  of  the  microsporangia  and  in  which  the  active  cells  only  occur  at 
the  valves  ^.  The  epidermis  of  the  microsporangia  in  the  Angiospermae  may 
also  have  a  characteristic  construction,  but  we  never  see  in  its  cells,  so  far 
as  I  know,  the  peculiar  construction  of  the  cell-wall,  especially  the  charac- 
teristic thickening  which  is  found  in  the  cells  that  lie  immediately  under 
the  epidermis  ^  and  constitute  the  hypodermal  endothecium, 

Ericaceae  ^.  Fig.  398  shows  certain  relationships  which  are  found  in 
the  Ericaceae  and  which  require  further  investigation.  The  epidermal  cells 
of  the  microsporangia  are  large,  and  possess 
as  it  appears  a  slimy  content.  At  the  position 
where  dehiscence  will  occur  they  are  much 
smaller,  and  probably  the  opening  which  takes 
place  usually  in  the  flower-bud  is  brought 
about  by  the  drying  up  of  these  cells.  At 
any  rate,  there  are  no  thickenings  in  the  cell- 
walls  of  the  endothecium. 

It    is   then    evidently   a    weighty    sys- 

^.,            ^           r^i-A*                          ^t^  '^'G.  398.    Erica  carnea.    Half  of  an 

tematlC  character  of  the  Angiospermae   that  anther  in  transverse  section  beyond  the 

.                 .                ,1          />.«              .                             .              ./•  point  of  opening.      No   endothecinm   is 

the    active    cells    of   the    miCrOSpOranglUm,    if  present,  altliough  the  pollen-tetrads   are 

,                                                         >          1                1      1        .  already  formed.    Magnified. 

they  are  present,  are   in   the  endothecium, 

whilst  in  the  Pteridophyta  and  Gymnospermae  they  are  in  the  exothecium  *. 

As  to  the  lie  of  the  point  of  opening  of  the  sporangium  in  the 
Angiospermae  there  are  many  variations.  The  significance  of  this  depends 
specially  upon  the  relationships  to  pollination  by  insects  and  must  remain 
here  unexplained.     It  lies  within  the  province  of  the  biology  of  pollination. 

MICROSPORES. 

Space  forbids  us  a  discussion  of  the  construction  of  the  microspores. 
I  will  only  briefly  recall  the  differences  in  the  pollen  in  wind-pollinated  and 
insect-pollinated  flowers,  the  remarkable  thread-like  pollen  of  Zostera  and 
Halophila,  the  pollen-tetrads  and  pollinia  as  they  occur  in  different  cycles 
of  affinity. 

*  See  Chatb,  De  Tanth^re,  Paris,  1870.  '  These  extend  often  over  the  connective. 

'  See  Artopoens,  Uber  Ban  and  Offnnngsweise  der  Antheren  nnd  die  Entwicklung  der  Samen  der 
Ericaceaen,  in  Flora,  zcii  (1903). 
^  Whether  this  is  without  exception  farther  investigation  alone  can  tell.    See  p.  577. 
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The  gametophyte  in  the  Spermoph}^a  is  so  dependent  that  it  appears 
best  to  deal  with  it  along  with  tfie  sporophyte.  We  must  therefore  speak 
here  of  the  germination  of  the  microspores. 

GERMINATION  OF  THE  MICROSPORES. 

The  development  of  the  microspores  in  germination  has  been  made 
known  to  us  specially  by  the  investigations  of  Strasburger,  Belajeff,  Ikeno, 
Hirase,  and  Webber.  It  shows  us  so  far  a  parallel  formation  with  that  in 
the  megaspore,  as  we  find  in  both  a  vegetative  development  which  is  always 
very  much  shortened. 

The  form  of  the  microspores  varies;  sometimes  it  is  tetrahedral,  some- 
times bean-like  (dorsiventral),   sometimes  more  spherical.     The  rounded 


A,Ji 


ff^  Ip. 


h 
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FlO.  399u  Scheme  of  fi:ermiiiation  of  the  microspore.  I  and  II,  Cycadaceae.  Webber*s  figares  have  been  nsed 
in  the  constniction.  Ill,  AUetineae.  IV,  Angioepermae.  S.  the  apex  of  the  microspore:  6,  the  base;  A  pi^o- 
thallas-cell ;  ^  mother-cell  of  the  antheridiom ;  SeAj  tobe-cell ;  i,  nacleos  of  the  tabe-oell ;  fV^  waU-oell  of  the 
antheridiom ;  opm^  mother>cell  of  the  male  sexual  cells ;  SPt  spermatocytes ;  ^,  vesicular  parachute  of  poUen-grain. 

basal  surface  of  the  tetrahedral  microspore  may  be  designated  the  base ; 
the  portion  over  against  it  the  apex;  and,  similarly,  in  the  dorsiventral 
microspore  the  convex  outer  surface  is  the  base. 

Amongst  the  Cycadaceae^  the  germination  of  the  microspore  of 
Zamia  has  been  made  known  to  us  through  the  researches  of  Webber.  In 
the  ripe  microspore  we  find  three  cells ^  (/,  A^  ScA,  in  Fig.  399, 1).  Cell/ 
lies  at  the  apex  of  the  microspore  and  is  a  cell  of  the  prothallus ;  cell  A  is 
the  mother-cell  of  the  antheridium ;  cell  ScA  is  the  tube-cell  which,  developii^ 
in  the  pollen-chamber,  at  first  acts  as  a  haustorium  to  bring  nourishing 
material  out  of  the  nucellar  tissue  to  the  germinating  microspore;  only 


^  See  Ikeno,  Untersachungen  iiber  die  Entwicklung  der  Geschlechtsorgane  uod  den  Vorgang  der 
Befruchtung  bei  Cycas  revolnta,  in  Pringsheim*s  Jahrbiicher,  xxxii  (1898) ;  H.  J.  Webber,  Spennato- 
genesis  and  Fecundation  of  Zamia,  in  U.  S.  Department  of  Agricolture,  Bureau  of  Plant-Industry, 
Bulletin  Na  a,  Washington,  1901.    Webber  gives  the  literature. 

'  Whether  occasionally  a  fourth  appean  is  of  no  significance  here. 
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later  does  the  tube-cell  bring  the  apex  of  the  microspore  into  contact  with 
the  archegonia  by  the  formation  through  intercalary  growth  of  a  sac-like 
outgrowth  (Fig.  399,  II).  Such  pollen-tubes  I  call  acrogamous.  Acro- 
gamous  pollen-tubes  are  only  found  in  the  Cycadaceae  and  Ginkgo,  and 
this  fact  has  no  doubt  the  closest  connexion  with  the  existence  of  a  pollen- 
chamber. 

At  the  apical  end  of  the  pollen-tube  the  following  changes  take 
place: — The  mother-cell  of  the  antheridium  is  divided  by  a  wall  oblique 
to  the  long  axis  of  the  pollen-tube  into  two  cells,  an  upper  and  an 
under.  The  upper  cell  is  tJie  central  cell  of  the  antheridium  out  of  which 
by  division  two  spermatocytes  proceed,  and  these  give  origfin  to  two  giant 
spermatozoids.  The  under  cell  has  received  the  unfortunate  name  of 
'stalk-ceir  which  is  inapplicable  upon  the  two  grounds  that  the  anthe- 
ridium is  sunk  and  can  therefore  have  no  true  stalk-cell,  and  that  we  never 
see  that  a  stalk-cell  is  separated  from  a  spermatocyte,  but  there  is  a  separa- 
tion of  the  wall-cell  ^ 

The  first  cell  of  the  prothallus  at  the  apex  of  the  microspore  (Fig.  399, 
I,/)  swells  up  and  surrounds  the  stalk-cell  like  a  ring.  Both  are  limited 
to  the  outside  only  by  a  membrane,  not  by  a  wall.  Nevertheless  these 
cells  may  reach  a  considerable  size,  and  it  is  remarkable  that  no  function 
has  yet  been  ascribed  to  them.  One  might  suppose,  as  they  contain  starch, 
that  they  aid  in  the  nourishment  of  the  strongly  growing  spermatocyte, 
but  I  think  that  they  constitute  an  apparatus  for  the  opening  of  the  pollen- 
tube  at  its  point.  The  pollen-tube  is  cuticularized.  Both  in  the  pollen- 
tube  and  in  the  cells  which  are  found  under  the  spermatozoids  the  osmotic 
pressure  gradually  increases.  The  prothallus-cell,  /,  presses  upon  the  stalk- 
cell  it  encircles,  and  this  again  is  under  the  pressure  of  the  content  of  the 
pollen-tube.  The  pressure  so  acts  that  the  membrane  of  the  pollen-tube 
bursts  at  its  least  stretchable  place — that  is,  at  the  point  of  attachment  to 
the  cells  of  the  prothallus — ^the  spermatozoids  are  pressed  out  and  are  able 
then  to  force  themselves  into  the  egg. 

The  tube-cell  has  been  also  considered  as  the  wall  of  the  antheridium. 
I  see  no  ground  for  this.  We  know  of  no  case  in  which  the  antheridial 
wall  functions  as  a  haustorium,  but  we  have  many  cases,  on  the  other  hand, 
in  the  megaspores  of  the  Angiosperms  where  the  cells  of  the  prothallus 
are  converted  into  haustoria  \ 

We  have  then  in  the  microspore  of  the  Cycadaceae  the  following 
structure: — 

I.  Two  cells  of  the  prothallus,  of  which  one  becomes  a  pollen-tube 


*  See  p.  180.    Wettstein,  Handbuch  der  S3rstemati8chen  Botanik,  ii  (1904),' has  recently  called  the 
stalk-cell  a  *  wall-ccll.' 
'  The  whole  orientation  of  the  antheridiam  is  against  the  view  also. 
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which  originally  is  a  haustorium,  and  later  conducts  the  spermatozoids  to  the 
archegonium,  whilst  the  second  one  effects  the  opening  of  the  pollen-tube. 

2.  The  antheridium,  consisting  of  wall  and  spermatoc5^es. 

In  the  other  Gymnospermae  and  in  the  Angiospermae  the  pollen-tubes 
are  basigamous.  They  serve  indeed  at  first  as  haustoria,  and  later  as 
canals,  which  here  conduct  the  massive  male  gametes  to  the  egg.  As 
the  opening  of  the  pollen-tube  takes  place  at  the  basal  end  the  cells  of  the 
prothallus  have  become,  with  the  exception  of  the  tube-cell,  functionless. 
They  are  indeed  in  many  still  formed — two,  for  example,  in  Larix,  Picea 
vulgaris,  Pinus  silvestris,  P.  Pumilio— although  in  such  cases  they  usually 
collapse  soon,  but  in  the  Cupressineae  and  Taxodium  their  formation  is 
entirely  suppressed,  as  it  is  in  all  Angiospermae.  We  have,  therefore,  in 
these  cases  only  the  tube-cell  and  the  mother-cell  of  the  antheridium. 
This  mother-cell  in  the  Gymnospermae  divides  into  two  cells— one  corre- 
sponding to  the  spermatocyte,  which  furnishes  the  two  spermatozoids; 
the  other  is  the  wall-cell  which  we  prefer  to  designate  the  dislocaior-cell. 
Its  function  is  to  set  loose  the  spermatocyte  from  its  point  of  attachment, 
as  is  particularly  evident  in  Juniperus,  where  the  dislocator-cell  is  very 
large.  Perhaps  it  bursts  and  in  that  way  promotes  the  passage  of  the 
spermatoc3^es  into  the  pollen-tube,  but  in  other  cases  the  simple  swelling 
of  the  dislocator-cell  may  effect  this.  Only  in  some  Gymnospermae  is  it 
suppressed,  but  in  Angiospermae  its  formation  is  always  suppressed,  because 
there  it  would  be  unnecessary,  seeing  that  the  spermatocytes  from  the  first 
are  not  firmly  fixed  and  have  no  attachment  to  the  wall  of  the  microspore* 

The  views  that  have  been  here  expressed  require  to  be  proved  by 
investigation,  but  it  seems  to  me  hardly  to  admit  of  doubt  that  we  shall 
obtain  a  proper  understanding  of  the  germination  of  the  microspore  only 
when  we  obtain  more  information  about  tht  function  of  the  cells  which  are 
found  in  the  pollen-tube.  If  what  has  been  said  above  be  correct  there  is 
in  the  microspore  of  the  Spermophyta  clear  connexion  between  structure 
and  function,  and  functionless  parts  are  evidently  reductions. 

B.    MEGASPORANGIA. 
(a)  General  FEATUREa 

Hofmeister's  epoch-making  investigations  determined  once  and  for  all 
that  the  ovule  in  the  Spermophyta  is  the  homologue  of  the  megasporangium 
in  the  Pteridophyta.  A  thorough  comparison  of  these  sporangia  only  is 
possible,  however,  if  the  historical  development  of  their  relationships  are 
discussed  Here  we  shall  deal  first  of  all  with  the  grosser  configuration  of 
the  ovule. 

We  distinguish  usually  in  it  a  stalk  ox  funicle^  one  or  more  integu- 
merits^  and   the   nucellus   enveloped   by  the  integuments.    The  nucellus 
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is  the  megasporangium  ^  This  is  undoubted.  On  the  other  hand  the 
views  upon  the  morphological  significance  of  the  integuments  are  various. 
So  far  as  functional  importance  is  concerned  we  have  to  consider  the 
following: — The  internments  act  as  a  protective  envelope  to  the  ovule, 
and  then  later  they  form  the  seed-coat.  Where,  as  in  Sympetalae,  the 
ovule  consists  of  a  thin  nucellus  and  one  thick  integument,  the  integument 
has  to  provide  nutrition  to  the  embryo-sac  which  grows  out  into  it  ^,  The 
micropyle  in  all  porogamoiis  plants  evidently  conducts  the  pollen-tube.  In 
the  germination  of  the  seed  the  most  rapid  uptake  of  water  also  takes  place 
at  this  point. 

Porogamy  and  aporogamy.  In  a  number  of  Dicotyledones  the  micropyle 
does  not  function  as  a  conductor  of  the  pollen-tube,  and  the  plants  are  therefore 
designated  aporogamous.  In  Cynomorium*  coccineum  the  micropyle  withers  very 
rapidly  and  forms  no  longer  an  open  canal.  The  same  thing  happens  in  the  genus 
Gunnera^  which  stands  so  isolated  in  the  plant  kingdom;  also  in  the  Cannabineae* 
and  in  Alchemilla  arvensis^.  This  aporogamous  condition  has  evidendy  appeared 
independently  in  different  dicotylous  plants.  In  Cynomorium  the  pollen-tube  forces 
its  way  through  the  apex  of  the  ovule.  This  method  is  acrogamous.  Gimnera  ripens 
its  seeds  most  probably  parthogenetically.  Pollen-tubes  have  never  been  proved 
here.  In  Alchemilla  the  pollen-tubes  force  themselves  in  between  the  ceUs,  and 
grow  up  from  the  chalazal  region  to  the  egg-apparatus.  This  method  is  bastgamotis. 
It  also  happens  in  Casuarina''  as  well  as  in  the  Corylaceae  and  Juglandeae, 
notwithstanding  that  they  possess  a  micropyle.  These  variations  have  evidendy 
no  importance  for  the  systematic  grouping  within  the  plant  kingdom,  but  an 
explanation  is  still  required  of  why  they  should  appear  so  frequendy  in  plants  which 
have  specially  simply  constructed  flowers'.  An  intermediate  position  is  taken  by 
the  ovules  in  which  a  pollen-tube  partly  grows  through  the  tissue  of  the  ovule. 
We  see  this  in  the  Uhnaceae  •  and  in  the  Cannabineae.  It  may  well  be  assumed 
that  in  all  these  plants  special  reasons  exist,  either  in  the  structure  of  the  cells  or  in 
the  conditions  of  nutrition  of  the  pollen-tube,  which  cause  it  to  take  the  path  it  does. 


^  I  may  mention  here  that  the  nucellus  may  sometimes  be  abnormally  developed  as  a  micro- 
sporangium.  I  observed  such  a  case  in  Begonia ;  see  Goebel,  Beitrage  zur  Kenntnis  gef  iillter  Bliithen, 
in  Pringsheim*s  Jahrbiicher,  xvii  (1886),  p.  346,  Figs.  48  and  49.    The  literature  is  cited. 

«  See  p.  638. 

'  Pirotta  e  Longo,  Osservadoni  e  ricerche  suUe  Cynomoriaceae,  in  Annuario  del  R.  Isdtuto 
Botanico  di  Roma,  ix  (1900),  Fasc.  a. 

*  Schnegg,  Beitrage  zur  Kenntnis  der  Gattung  Gunnera,  in  Flora,  xl  (190a). 

*  Zinger,  Beitrage  zur  Kenntnis  der  weiblichen  Bliithen  und  Inflorescenzen  bei  Cannabineen,  in 
Flora,  Ixxxv  (1898),  p.  189. 

*  Murbeck,  Uber  das  Verhalten  des  Pollenschlauches  bei  Alchemilla  arvensis,  (L.)  Scop.,  und  das 
Wesen  der  Chalazogamie,  Acta  Universitatis  Lundensis,  xxxvi  (1900). 

^  Treub  first  discovered  the  process  in  this  plant  and  called  it  chalaugamy, 

*  Yet  the  Fagaceae  have  porogamous  fertilization.    How  do  Sagina  and  like  forms  behave  I 

*  Nawaschin,  Uber  das  Verhalten  des  Pollenschlauches  bei  der  Ulme,  Nachrichten  der  Kaiserl. 
Akad.  der  Wissenschaften  in  St.  Petersburg,  1897.  The  pollen-tube  here  pushes  out  of  the  tissue  of 
the  funiculus  through  the  integuments  to  the  apex  of  the  nucellus. 
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THE   INTEGUMENTS. 

The  Nature  of  the  Integument.  From  the  morphological 
standpoint  there  are  two  possible  explanations  of  the  formation  of  the 
integument : — 

{a)  We  may  consider  it  as  a  new  formation  which  finds  no  analogy  in 
the  Pteridophyta. 

{b)  We  may  link  it  on  to  the  indusial  formation  of  the  Pteridophjrta, 
finding  an  analogue  in  the  megasporangia  of  Azolla  (Figs.  325-327),  which 
are  invested  by  an  indusium  laid  down  like  an  annular  wall. 

The  second  interpretation  was  mainly  founded  by  Warming.  Under  it 
it  is  most  natural  to  consider  the  nucellus  only  as  the  m^asporangium, 
to  regard  the  funiculus  as  a  portion  of  the  sporophyll  on  which  the  m^^a- 

sporangium  arises  as 
a  terminal  new  forma- 
tion, just  as  a  mega- 
sporangium  of  Azolla 
arises  on  a  placenta 
which  is  formed  from 
a  transformed  leaf- 
lobe.  This  view  may 
find  confirmation  in 
the  remarkable  con- 
struction of  Lepido- 
carpon,  a  fossil  ly- 
copodiaceous  plant 
recently  described  by 
Scott  ^.  The  sporo- 
phyll of  Lepidocar- 
pon  bears  at  its  base 
a  megasporangium,  in 
which  one  only  of  four  spores  that  are  laid  down  develops,  and  the  m^ja- 
sporangium  is  surroimded  by  a  thick  integument  which  proceeds  from  the 
sporophyll.  The  microsporangia  too  have  a  similar  int^jument  The 
assumption  then  that  the  integument  of  the  ovule  in  Spermophyta  took 
origin  from  the  sporophyll  is  not  altogether  unsupported  by  analogy,  and 
the  known  cases  of  virescent  malformation^  are  confonnable  also  with 
this.  We  may  also  recall  in  this  connexion  that  the  outgrowth  beneath 
the  ovule  in  the  Cycadaceae  (Fig.  400,  W)  certainly  belongs  to  the  carpel, 


9iQ.  40a  CeratoMxnia  rofafusut.  I,  sorface-sectioa  throagfi  the  basal 
porttoa  of  a  carpel.  One  ovule  is  cat  throaj^  long;itadinalIy ;  W^  swelling 
below  the  integoment.  II,  the  same  in  a  younger  stage.  The  swelling  below 
the  integoment  is  not  yet  visible. 


*  Scott,  Note  on  the  Occurrence  of  a  Seed-like  Frnctification  in  Certam  Palaeozoic  Lycopods, 
Proceedings  of  the  Royal  Society,  Ixvii  (1900). 
>  Part  I,  p.  182. 
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and  may  be  considered  as  an  approach  in  some  measure  to  a  second 
integument,  and  that  in  the  Eusporangiate  Pteridophyta  the  stalk  of  the 
sporangium  has  been  explained  as  arising  through  an  outgrowth  of  the 
tissue  of  the  sporophyll  \ 

Development  of  the  Integuments.  To  enter  into  a  description 
of  the  development  of  the  integuments  here  is  unnecessary  as  no  new  point 
of  departure  or  facts  has  been  brought  forward  during  the  last  twenty 
years.     I  will  mention  therefore  only  shortly  the  following: — 

1.  The  integuments  arise  always  as  lateral  outgrowths  on  the  ovule  below  the 
nucellus,  which  is  laid  down  everywhere  as  a  terminal  structure,  even  in  cases  where 
in  its  lafer  stages,  on  account  of  the  massive  development  of  the  integuments,  its 
terminal  position  is  not  apparent,  as  in  many  Sympetalae,  whose  ovules  have  a  thin 
nucellus  and  one  massive  integument. 

2.  In  airapous^  ovules  the  integuments  arise  as  a  circular  wall. 

3.  In  anairapous  and  campyloiropous  ovules  the  development  of  the  integument, 
if  only  one  is  present,  is  arrested  on  the  side  turned  towards  the  funicle,  or  forms 
there  only  the  portion  of  the  integument  devoted  to  the  micropyle. 

4.  Where  two  integuments  arise,  in  the  majority  of  cases,  the  inner  is  the  one 
first  formed,  then  the  outer — Euphorbia  is  an  exception.  In  anatropous  ovules  the 
outer  integument  then  shows  the  arrest  above  mentioned,  that  is  to  say,  is  not 
developed  upon  the  side  next  the  funicle. 

5.  In  small  ovules  the  integuments  proceed  from  the  outermost  cell-layer. 
Where  there  is  more  massive  construction  of  the  integument  deeper  cell-layers 
also  share. 

6.  The  number  of  the  integuments  is  generally  within  one  large  cycle  of 
affinity  constant:  two  in  most  Monocotyledones  and  choripetalous  Dicotyledones * 
also  in  the  Primulaceae;  one  in  most  sympetalous  Dicotyledones,  the  Cupres- 
sineae,  Abietineae,  and  elsewhere.  Yet  there  are  within  one  family  varia- 
tions which  more  accurate  investigation  may  show  perhaps  to  be  derived.  For 
example,  Aconitum  has  two  integuments  to  its  ovule,  whilst  the  nearly  allied 
Delphinium  has  only  one.  But  ovules  of  Delphinium*  at  a  middle  stage  of 
development  show  clearly  at  the  micropylar  end — especially  if  they  be  looked  at 
whole  and  not  in  section — that  the  integument  is  double,  and  we  may  regard  the 
integument  of  Delphinium  as  the  result  of  a  concrescence  of  two.  The  phenomenon 
is  quite  like  that  of  the  origin  of  a  sympetalous  corolla.  In  the  cycle  of  affinity 
of  the  Ranunculaceae  one  might,  upon  the  basis  of  the  facts  above  mentioned, 
conjecture  that  the  ovules  provided  with  two  integuments  were  a  more  primitive  type 


*  See  p.  602. 

•  The  expression  orthotropous  for  straight  ovules  should  be  avoided,  as  it  is  used  now  of  shoots  in 
a  definite  sense,  which  does  not  fit  most  atropous  ovules. 

'  One  integument  is  possessed  by  the  Umbelliflorae  and  many  Ranunculaceae. 

«  Delphinium  cashmirianum  was  examined .  See  also  Strasburger,  Die  Coniferen  und  die  Gnetaceen , 
Jena,  187a,  p.  415.  The  indentation  of  the  outer  integuments  often  appears  slight,  or  not  at  all,  upon 
sections,  even  where  a  study  of  the  inception  of  an  outer  integument  shows  that,  as  usual  in  anatropous 
ovules,  it  is  only  developed  upon  the  side  turned  away  from  the  funiculus. 
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from  which  that  with  one  integument  has  been  derived.  We  might  see  the  like  also 
in  other  cycles  of  affinity,  especially  in  the  Rosaceae.  Spiraea  Lindleyana  ^  has  two 
separate  integuments ;  in  Spiraea  Fortunei  and  others  they  hang  together,  except  at 
the  micropylar  region;  in  Spiraea  Aruncus,  S.  Ulmaria,  and  S.  Filipendula  there 
is  only  one.  Also  in  Hippuris  Van  Tieghem  considered  that  the  integument  is 
the  result  of  the  fusion  of  two  which  are  quite  separate  from  one  another  in 
Myriophyllum. 

Ategminous  Ovules.  Naked  ovules— that  is  to  say  ovules  with  no 
integument — occur  both  in  Monocotyledones  and  Dicotyledones,  but  the 
question  arises  whether  this  behaviour  is  a  reduction  or  a  primitive  one,  and 
with  what  biological  relationships  it  stands  in  connexion.  Some  examples 
therefore  of  it  will  be  given : — 

MONOCOTYLEDONES. 

Amaryludeae.  In  this  family  we  find  ategminy  of  the  ovules  in 
Crinum.  The  ovules  of  this  amaryllidaceous  plant,  which  is  neither  a  parasite 
nor  a  saprophyte,  have  no  integument*.  The  ovules  appear  on  the  placenta  as 
slightly  differentiated  swellings  provided  with  a  funiculus,  and  they  contain,  not 
infrequently,  more  than  one  embryo-sac.  This  rudimentary  construction  may  be 
connected  with  the  fact  that  no  seed-coat  is  formed '.  The  seeds  are  arranged  for 
immediate  germination,  and  are  protected  only  by  some  layers  of  cork-cells  which 
are  formed  from  the  endosperm.  As  a  matter  of  fact  the  endosperm  develops  here,  in 
the  main,  independently  of  the  nucellus.  It  contains  chlorophyll  also  and  forms,  in 
a  certain  measure,  a  passage  to  a  development  independent  of  the  megasporangium. 

The  other  Amaryllideae  have  mostly  two  integuments.  Amaryllis  Belladonna 
has  only  one.  Although  we  have  no  comparative  history  of  the  development  of  the 
seeds  of  this  family,  such  as  is  necessary  in  order  to  form  a  secure  basis  for  phyletic 
conclusions,  it  appears  to  me  that  the  facts,  so  far  as  we  know  them,  are  in  favour  of 
a  redtuiioiu 

DICOTYLEDONES. 

Amongst  these  we  find  ategminous  ovules  chiefly  in  some  parasites  and 
saprophytes,  but  also  in  other  plants. 

Gentianeae.  Whilst  other  gentianaceous  plants  possess  ovules  with  one  integu- 
ment the  saprophytic  Voyria  has  an  ovule  which  is  described  as  naked*. 

Voyria.  The  ovules  in  this  genus  occur  in  large  numbers  within  the  ovary. 
They  are  elongated  but  have  a  normally  constructed  and  normally  arising  embryo- 


*  Van  Tieghem,  Structure  de  quelques  ovules,  Journal  de  Botanique,  xii  (1898),  p.  313. 

'  See  Goebel,  Pflanzenbiologische  Schilderungen,  i  (1889),  ?•  '^9)  confirming  the  statements  of 
Prillieux  and  of  A.  Braun.  See  also  the  literature  cited  by  A.  Braun,  Cber  Polyembryonie  und 
Keimnng  von  Coelebogyne,  in  Abhandlungen  der  Berliner  Akademie  (1859). 

'  That  is  to  say,  the  laying  down  of  an  integument  may  be  suppressed  because  the  whole  economy 
of  the  seed  is  of  such  a  kind  that  the  seed-coat,  which  would  protect  it  otherwise  during  the  resting 
period,  is  not  required. 

^  Johow,  Die  chlorophyllfireien  Humusbewohner  West-Indiens,  in  Pringsheim's  Jahrbiidier,  xvi 
(1885),  p.  443. 
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sac^  Some  years  ago  I  had  the  opportunity  of  gathering  in  Venezuela,  on  the 
slopes  of  the  Cumbre  de  San  Hilario,  plants  of  Voyria  azurea,  which  decked  with  its 
blue  flowers  the  soil  of  the  shady  woods  and  grew  along  with  a  number  of  mono- 
cotylous  saprophytes.  After  examination  of,  I  must  admit,  only  a  small  amount 
of  material,  there  seemed  to  me  to  be  an  indication  of  an  integument,  and  of  a 
micropyle  as  a  shallow,  easily  overlooked  indentation  (Fig.  401,  Mi),  Johow  has 
remarked  that  the  ovule,  after  the  formation  of  the  embryo-sac,  corresponds  essen- 
tially with  an  anatropous  one.  I  would  consider  the  terminal  outgrowth  of  the  ovule 
as  belonging  to  the  integument,  which  here  in  other  respects  remains  stationary  at  an 
early  stage  of  development.  The  extremely  rudimentary  nucellus  experiences  no 
curvature,  as  in  anatropous  ovules  elsewhere,  but  it  develops  from  the  first  in  an 
inverted  position,  so  that,  to  speak  in  comparative  morphological  terms,  we  have 
a  *  congenital  curvature.'  I  have  shortly  referred  to  this  case  because  it  appears  to 
me  to  support  clearly  the  assumption  of  a  reduction.  Why  this  condition  should  be 
brought  about  we  do  not  know.  It  is  probable  that  it  is  teleologically  •  connected 
with  the  great  number  of  ovules,  perhaps 
causally  with  the  saprophytic,  in  others  the 
parasitic,  mode  of  life.  But  then  against 
this  we  have  the  fact  that  ategminous  ovules 
occur  also  in  a  number  of  autotrophic  plants. 
It  is  then  very  possible  that  the  want  of  the 
integuments  of  the  ovule  has  really  nothing 
whatever  to  do  with  parasitism  and  sapro- 
phytism,  but  that  amongst  plants  with  this 
kind  of  ovule  a  certain  number  have  re- 
tained a  parasitic  type. 

Olacineae.  Valeton  and  Van  Tie- 
ghem'  have  shown  that  ategminous  ovules 
occur  in  some  plants  which  are  commonly 
reckoned  in  the  family  of  the  Olacineae — in  Olax,  Liriosma,  Schoepfia — whilst  other 
plants  belonging  to  this  family,  in  the  old  sense,  have  ovules  with  one  or  two 
integuments.  A  parasitic  or  saprophytic  mode  of  life  of  those  Olacineae  which  are 
provided  with  ategminous  ovules,  has  not  yet  been  shown. 

Regarding  Van  Tieghem's  peculiar  systematic  views  I  do  not  require  to  say 
anything  after  what  has  been  said  above  about  the  Amaryllideae  and  Gentianeae ; 
I  may  add  only  that  the  rubiaceous  plant  Houstonia,  which  is  autotrophic,  has 
ategminous  ovules  ^ 

Santalaceae.  In  this  family  we  find,  for  example  in  Thesium ',  three  naked 
ovules  upon  a  free  central  placenta.    Each  of  them  stands  opposite  one  of  the  three 


Fig.  401.  Voyria  axnrea.  I  and  II,  ovule  of 
middle  development  in  longitudinal  section.  Ill, 
the  same  in  transverse  section.  Mej^asporocyte 
shown  ;  Mi^  rudimentary  micropyle. 


*  By  tetrad-division.  ■  See  p.  354. 

'  Van  Tieghem,  Snr  les  phan^ogames  k  ovules  sans  nucelle,  formant  le  gronpe  des  Innucell^  ou 
Santalin^es,  in  Bnlletin  de  la  Soci^t^  Botanique  de  France,  xliii  (1896),  p.  543.  See  also  Engler,  in 
Engler  nnd  Prantl,  Die  natiirlichen  Pflanzenfamilien,  Nachtrage  zu  III,  i,  p.  144. 

^  According  to  a  commmiication  in  a  letter  from  F.  £.  Lloyd. 

"  See  Gniguard,  Observations  snr  les  Santalac^es,  in  Annales  des  sciences  naturelles,  s^r.  7,  ii 
(1885),  p.  181.    The  literature  is  cited  here. 
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carpels.  A  small  depression  can  be  seen  at  the  apex  of  this  ovule,  as  in  Voyria,  and 
may  be  considered  as  the  remains  of  a  micropyle,  so  that  the  Santalaceae  possess  the 
indication  of  one  thick  integument.  The  formation  by  the  embryo-sac  at  its  basal 
end  of  a  haustorium,  which  bores  deeply  into  the  placenta,  is  a  feature  which  is 
widely  spread  in  the  Sympetalae.  The  growing  out  from  the  ovule  of  the  embryo- 
sac  at  its  apex,  where  the  formation  of  endosperm  takes  place,  is  seen  also  in  Crinum, 
and  is  probably  connected  with  the  rudimentary  construction  of  the  whole  ovule. 
That  no  rdationship  exists  between  this  rudimentary  construction  and  the  number 
of  the  ovules  is  clear.  Of  the  three  ovules  only  one  becomes  perfect,  and  the 
envelope  of  this  is  supplied  by  the  ovarian  wall,  as  there  is  no  seed-coat  present. 

Such  rudimentary  ovules  are  found  in  particular  in  parasites  which  form  rich 
endosperm  and  a  complete  embryo — at  least  this  is  true  for 

LoRANTHACSAE  *.  We  owe  our  knowledge  of  the  ovules  in  this  family  to  the 
investigations  of  Treub '. 

Loranthiis  sphaerocarpus.  In  Loranthus  sphaerocarpus  a  free  central  placenta 
rises  up  at  the  base  of  the  ovarian  cavity,  which  bears  some  very  rudimentary 
ategminous  ovules,  and  later  becomes  concrescent  completely  with  the  inner  surface  of 
the  ovary,  so  that  the  embryo-sacs  then  are  embedded  apparendy  in  a  tissue  filling  the 
ovary.  The  reduction  goes  further  in  Viscum  articulatum  and  Loranthus  pentandrus, 
where  there  is  a  central  placenta,  and  ovules  are  no  longer  formed  upon  it 

Visotun  artioulatum.  Viscum  articulatum "  possesses  an  ovary  formed  of  two 
carpels  which  so  closely  unite  with  one  another  that  only  a  narrow  slit  remains 
between  them.  Where  this  slit  ceases  at  the  base  of  the  ovary  many  embryo-sacs 
proceed  out  of  some  cells  rich  in  protoplasm,  which  lie  near  one  another  or  are 
separated  by  parenchymatous  cells;  of  these  embryo-sacs,  however,  only  one 
experiences  a  further  development. 

IfOranthus  pentandrus.  A  similar  development  appears  in  Loranthus  pentan- 
drus.  If  we  compare  it  with  that  found  in  Loranthus  sphaerocarpus  we  can  have  no 
doubt  whatever  that  we  have  to  deal  with  a  reduction.  The  placenta  and  the  ovule 
are  then  not '  congenitally  concrescent '  with  the  tissue  of  the  ovary,  but  have  not 
come  into  existence — like  the  pollen-mother-cells  of  Cyclanthera  *,  which  do  not 
differentiate  in  a  specially  constructed  poUen-sac,  but  in  a  ring-like  swelling  of  the 
flower-axis ;  the  mother-cells  of  the  embryo-sacs  of  the  Loranthaceae  do  not  develop 
in  the  ovule,  but  in  the  flower-tissue  beneath  the  ovary.  The  megasporangium  then 
is  suppressed  in  its  differentiation,  only  the  megaspores  develop,  and,  as  in  the 
Santalaceae,  they  show  often  peculiar  phenomena  of  growth  which  have  a  most 


*  Van  Ticghcm*s  more  recent  work  is  set  forth  by  Engler,  in  Engler  und  Prantl,  Die  natUrlichen 
Pflanzenfamilien,  Nachtrage  zu  III,  i,  p.  124. 

'  Treub,  Observations  tur  les  Loranthac^,  in  Annales  du  Jardin  botanique  de  Boitenzorg,  ii 
(188 1),  p.  54;  iii  (1883),  p.  I.  Treub's  results  completed  and  corrected  the  older  work  of  Hof- 
meister,  Neue  Beitrage  zur  Kenntniss  der  Embryobildung  der  Phanerogamen  :  I.  Dikotyledonen,  in 
Abhandlungen  der  Koniglich  ^hsischen  Geselhchafl  der  Wissenschaften,  vi  (1859). 

'  The  same  is  the  case  in  Viscum  album,  see  Jost,  Zur  Kenntniss  der  Bliithenentwidclung  der  Mistel, 
n  Botanische  Zeitung,  xl  (1888),  p.  357.  The  mother-cell  of  the  embryo-sac  divides  here  into  two 
daughter-cells,  the  lower  of  which  soon  forms  upwards  an  outgrowth,  this  I  consider  as  an  early 
haustorial  formation.  ^  See  p.  554. 
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intimate  connexion  with  the  nutrition  of  the  megaspores — a  connexion  which  of 
course  is  different  from  what  it  would  be  were  the  megaspore  in  a  well-formed 
megasporangium.  Other  cases,  which  will  be  presently  mentioned,  show  us  that  the 
embryo-sac  lives  as  a  parasite,  and  that  it  derives  its  nourishment  from  wherever  it 
best  can. 

Balanophoreae.  The  reduction  goes  furthest  in  the  Balanophoreae,  whose 
behaviour  Treub  *  has  made  clear.  There  is  neither  a  flower-envelope  nor  carpels 
visible  in  the  female  flower  here.  The  whole  flower  consists  of  a  cell-body,  of  which 
a  hypodermal  cell  (Fig.  402)  becomes  an  archesporium  *,  whilst  the  outer  cell-layer 
grows  out  into  a  long  pointed  process ;  the  whole  structure  has  a  certain  resemblance 
to  an  archegonium,  but  there  is 
no  neck-canal.  As  other  Balano- 
phoreae" possess  usually  two 
carpels  with  a  central  placenta, 
and  two  very  slightly  differenti- 
ated ategminous  ovules,  it  appears 
most  natural  to  derive  Balano- 
phora  from  them  by  assuming 
that 

1.  The  formation  of  the 
carpels  is  suppressed. 

2.  The  number  of  the  ovules 
is  reduced  to  one. 

3.  The  formation  of  the 
ovules  takes  place  out  of  the 
primordium  of  the  flower  itself*, 
in  which  one  can  no  longer  speak 
of  an  'axis/  as  this  expression 
has  a  meaning  only  when  we 
understand  a  structure  that  pos- 
sesses at  least  the  possibility  of 
bringing  forth  organs  as  appen- 
dages. 

The  case  is  quite  like  what  occurs  in  the  vegetative  organs  of  many  parasites. 
We  know  from  the  researches  of  Solms-Laubach  that,  for  example  in  species  of 
Pilostyles  **,  the  vegetative  body  of  the  parasite  which  bores  into  the  host  may  be 


Pig.  402.  Balanopbora  elonj^ta.  I,  yoang  female  organ  in 
longitadinal  section.  II,  older  female  organ  in  similar  section 
showing  the  archesporium,  which  is  shaded.  Ill,  female  organ 
nearly  mataie  in  like  section  ;  embryo-sac  developed.  I  magnified 
23a    II  and  III  magnified  300.    After  Treub. 


^  Treub,  L'organe  femelle  et  Tapogainit;  dn  Balanopbora  elongata,  Bl.,  in  Annales  da  Jardin 
botanique  de  Buitenzorg,  xv  (1898),  p.  1. 

'  Sometimes  this  diyides  once,  sometimes  it  does  not  divide  at  all,  and  then  at  once  becomes 
a  megaspore. 

'  See  Lotsy,  Rbopalocnemis  phalloides,  in  Annales  dn  Jardin  botaniqne  de  Buitenzorg,  s^r.  2, 
11(1901),  p.  73.  Lotsy  thinks  that  the  Helosideae,  to  which  Rbopalocnemis  phalloides  belongs, 
are  better  separated  from  the  Balanophoreae ;  even  If  one  does  so  their  near  relationship  would  not 
be  doubtful. 

^  An  analogous  case  would  arise  if  the  male  flower  of  Junipems  were  reduced  to  one  of  its 
microsporangia.    See  p.  516.  '  5>ee  p.  235. 
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reduced  to  a  single  hypha-like  strand  of  tissue.  In  this  there  is  no  possibility 
of  applying  the  ordinaiy  morphological  schemes.  The  same  is  the  case  in  the 
flowers  of  Balanophora.  We  do  not  know  here,  as  elsewhere,  in  what  connexion 
the  reduction  stands  to  the  parasitic  mode  of  life.  If  such  a  connexion  exists  it  may 
be  of  two  kinds, — 

{a)  direct — that  is  to  say,  conditioned  by  the  parasitic  mode  of  life  itself; 

(b)  indirect — ^that  is  to  say,  the  parasitic  mode  of  life  permits  of  the  retention  of 
variations  in  structure  which  may  also  appear  in  non-parasitic  plants,  but  are  there 
incapable  of  persistence.  An  indirect  connexion  of  this  kind— of  reduction  with 
mode  of  life — has  been  already  shown  to  be  probable  in  Utricularia  and  the  Podo- 
stomaceae  ^. 

From  what  has  been  said  we  gather  that  in  the  ovule,  and  partly  also 
in  the  whole  gynaeceum  of  the  Angiospermae,  considerable  reductions  may 
take  place.  We  can  hardly  designate  as  a  reduction  the  limitation  of  the 
integument  to  one,  but  we  may  certainly  call  it  a  reduction  if  the  formation 
of  the  integuments  is  entirely  suppressed,  although  we  may  not  be  able  to 
give  the  reason  for  this.  At  the  same  time  it  is  easy  to  understand  that 
where  the  integfument  plays  no  longer  any  part  in  the  formation  of  the 
seed-coat — and  this  is  the  case  in  many  plants  in  which  the  envelope  of 
the  seed  is  formed  by  the  pericarp,  the  seed-coat  being  at  the  same  time 
destroyed,  for  instance  in  Gunnera,  the  grasses — the  formation  of  the 
integument  may  from  the  first  be  suppressed.  We  must  assume  that 
the  'tendency  to  disappear*  may  show  itself  in  all  organs  in  individual 
forms,  and  that  this  then  leads  to  an  abortion  if  this  can  take  place 
without  injury  to  the  whole  economy  of  the  plant.  It  would  be  of  course 
quite  absurd  to  endeavour  to  group  plant-forms  which  have  naked  ovules 
into  one  systematic  group.  It  is  quite  clear  that  this  condition  is  developed 
in  different  cycles  of  affinity. 

A  further  stage  of  reduction  is  that  in  which  the  ovules  and  placenta 
no  longer  appear  as  definite  organs  within  the  gynaeceum,  as  in  Viscum, 
but  the  megasporangia  are  sunk  in  the  tissue  of  the  megasporophyll. 
Finally,  in  Balanophora  the  differentiation  of  the  megasporophylls  them- 
selves is  suppressed,  the  whole  flower  is  evidently  reduced  to  one  m^[a- 
sporangium.  It  has  been  shown-  how  this  example  specially  illustrates 
the  fact  that  we  cannot  deny  the  occurrence  oi  far-reaching  changes  in  the 
formation  of  organs,  and  that  our  work  at  first  must  be  to  make  a  picture 
of  how  they  have  come  about,  but  not  to  endeavour  to  read  into  a  terminal 
member  of  a  series  its  first  beginnings. 

THE  NUCELLUS. 

Developments  within  the  Nucellus  in  Relation  to  Stimull 
The  megasporangium  of  Spermophyta  \s  distinguished  from  that  of  the 


»  See  p.  241.  «  See  p.  557. 
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Pteridophyta  by  the  fact  that  the  m^aspores  germinate  within  the 
sporangium,  and  that  the  megasporangium  with  its  envelope  or  envelopes 
develops,  after  fertilization,  into  a  seed.  Approaches  to  this  behaviour 
are  found  in  some  Pteridophyta.  In  Salvinia  the  megaspores  germinate 
within  the  megasporangium  ^.  The  megaspores  in  many  species  of  Sela- 
ginella  *  undergo  the  first  stages  of  germination  within  the  megasporangium, 
are  then  emptied  out  of  the  megasporangium,  and  only  later  resume  their 
germination.  An  actual  transition  to  seed-formation  does  not  appear  in 
any  living  forms ;  such  a  transition  would  not  even  exist  if,  for  example 
in  Selaginella,  there  were  found  forms  in  which  the  megaspores  were  not 
shed  from  the  sporangia,  but  remained  enclosed  in  the  m^asporangium 
until  germination  of  the  embryo  of  the  sporophyte  ^.  From  the  teleological 
side  one  might  consider  it  a  step  forward  were  the  megaspores,  which 
represent  a  considerable  expenditure  of  plastic  material,  no  longer  shed 
from  the  mother-plant,  away  from  which  it  is  uncertain  whether  they  find 
favourable  conditions  for  germination  and  fertilization,  but  from  which 
when  they  separate  they  carry  usually  reserve-material  sufficient  for  the 
first  development  of  the  embryo  which  proceeds  from  the  fertilized  egg. 
As  a  matter  of  fact  we  observe  that  the  plant  is,  so  to  speak,  always  more 
sparing  with  material  the  higher  we  rise  in  the  series  of  the  Spermophyta : 
the  Cycadaceae  form  in  their  megaspores  large  prothalli  even  without 
pollination  *  ;  tlie  Coniferae  allow  of  the  germination  of  the  megaspore  within 
the  megasporangium  only  after  the  stimulus  of  a  pollen-tube ;  upon  this 
stimulus  is  dependent  in  some  Angiospermae  the  laying  down  of  the  ovules,  in 
others  their  further  development  at  least.  Some  examples  may  be  quoted. 
The  female  flowers  of  Quercus  and  Fagus,  also  Corylus,  show  no  trace 
of  ovule  at  the  time  of  pollination.  So  far  as  I  know  it  has  not  been 
experimentally  proved,  but  it  appears  probable  that  the  stimulus  exercised 
by  the  pollen-tube  starts  a  further  development  *.  It  is  certain  that  this  is 
the  case  in  the  Orchideae  whose  ovules  are  quite  rudimentary  at  the  time 
of  pollination,  and  also  in  some  Dicotyledones,  for  example  in  Fraxinus, 
Forsythia,  and  Syringa  dubia ;  whilst  in  other  Oleaceae  *,  such  as  Syringa 
vulgaris,  Fontanesia  Fortunei,  and  species  of  Lig^strum,  there  are  well- 
developed  ovules  at  the  time  of  pollination. 


*  This  may  be  connected  with  the  aquatic  life. 

'  Brachmann  says  that  Selaginella  spinulosa  is  an  exception. 

'  Compare  F.  M.  Lyon,  A  study  of  the  Sporangia  and  Gametophytes  of  Selaginella  apos  and 
Selaginella  nipestris,  in  Botanical  Gazette,  xxxii  (1901),  p.  124. 

*  How  far  the  several  genera  differ  in  this  character  requires  investigation.  In  Cycas,  as  it  grows 
in  our  plant-houses,  the  formation  of  archegonia  takes  place  in  the  prothallium  of  some,  usually  not 
all,  of  the  unpollinated  ovules. 

'  The  further  development  of  the  ovary  is  suppressed  in  Corylus  if  the  male  catkins  discharge  their 
pollen  before  the  development  of  the  stigmas,  and  this  happens  in  many  springs  and  may  be  considered 
an  experimental  proof  of  the  connexion  mentioned  above. 

*  See  Billings,  Beitrage  zur  Kenntniss  der  Samenentwicklung,  in  Flora,  Ixxxviii  (1901). 
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In  the  Coniferae  the  development  of  the  m^;aprothallium  depends 
upon  the  pollination  but  not  upon  the  fertilization^;  the  Angiospermae 
go  one  step  further.  Out  of  the  germ-tube  of  the  microspore  two  nuclei 
pass  into  the  megaspore  in  fertilization,  as  has  been  shown  by  the  investiga* 
tions  of  Nawaschin,  Guignard,  and  others  *.  One  of  these  stirs  up  the  egg 
to  a  further  development.  It  effects  the  fertilization.  The  second  one 
stimulates  the  formation  of  endosperm.  Whether  we  speak  of  this  as 
a  '  double  fertilization '  or  not  is  to  my  mind  non-essential.  I  have  always 
seen  in  the  process,  since  it  became  known,  only  an  arrangement  which 
secures  the  further  development  of  the  endosperm  in  those  cases  where 
formation  of  an  embryo  takes  place. 

Parthenogenetic  State.  This  feature  too  is  not  without  exception. 
We  have  come  to  know  of,  in  recent  times,  many  examples  of  partheno- 
genetic formation  of  embryo,  and  these  are  being  multiplied.  In  these 
cases  the  formation  of  the  endosperm  proceeds  at  the  same  time  without 
the  stimulus  which  is  given  in  other  plants  in  the  way  described,  whether 
the  embryo  proceed  from  an  unfertilized  ^g,  as  in  Antennaria  alpina  and 
most  of  the  species  of  Alchemilla  that  have  been  examined,  or  from  a  cell 
of  the  endosperm,  as  in  Balanophora.  We  have  learnt  to  distinguish  in 
sexual  reproduction  two  processes: — 

1.  the  taking  over  of  paternal  and  maternal  qualities  into  the  germ  ; 

2.  the  stirring  up  of  this  germ  to  further  development. 

The  stirring  of  the  germ  to  further  development  may  result  through 
factors  other  than  the  union  of  the  male  and  female  cells.  What  is  the 
development-stimulus  in  the  seeds  produced  parthenogenetically  we  do 
not  know,  but  it  appears  to  me  very  probable  that  in  many  cases  it  is 
the  pollen-tube  which  without  causing  fertilization  stimulates  the  further 
development  and  the  formation  of  embryo.  Where  as  in  Balanophora 
and  Alchemilla,  with  the  exception  of  Alchemilla  arvensis,  usually  no 
pollen-tube  is  formed,  we  naturally  cannot  speak  of  this,  but  in  the 
formation  of  the  adventitious  embryos  out  of  the  nucellus,  as  they  occur 
in  Funkia,  Citrus,  and  elsewhere,  and  also  in  Casuarina,  as  will  be  men* 
tioned  below,  we  have  analogous  cases.  I  do  not  see  why  the  pollen-tube 
should  not  in  many  cases  stir  up  the  egg  also  to  further  development 
without  effecting  fertilization. 

'  Hofmeister,  Allgemdne  Moq)hologie  der  Gewachse,  p.  637,  showed  that,  for  example,  in 
orchids  the  further  development  of  the  ovules  can  also  be  brought  about  by  foreign  pollen,  which  can 
cause  no  fertilization. 

'  I  pointed  out,  in  1883,  that  the  effect  of  fertilization  also  reached  the  secondary  embryo-sac- 
nucleus  : — '  In  all  the  cases  examined  by  me  this  (nucleus)  is  connected  with  the  egg  by  means  of 
a  plasma-strand,  so  that  a  material  influence  upon  this  from  the  egg  or  pollen-tube  can  take  place.* 
This  material  influence  consists  in  a  union  of  nuclei  as  the  beautiful  investigations  of  the  various 
authors  mentioned  have  shown.  Goebel,  Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane, 
in  Schenk*s  Handbuch  der  Botanik,  iii  (1884),  p.  429.  See  also  Strasburger,  in  Botanische  2^tung, 
Ui  (1900),  p.  393. 
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Development  of  the  Megaspore.  The  most  important  part  of 
the  nucellus  is  the  megaspore  or  embryo-sac,  and  we  may  ask  now  how  far 
the  m^aspore  in  its  origination  conforms  with  that  of  the  Pteridophyta  ^. 
In  the  Pteridophyta  it  arises  everywhere  by  a  division  into  four  of  the 
sporocyte.  The  megaspore  of  the  Spermophyta  proceeds  also  from  a 
sporocyte,  but  the  daughter-cells  of  this  do  not  all  become  megaspores, 
although  all  have  the  potentiality  of  so  doing  ^.  The  number  of  cells  into 
which  the  m^asporocyte  divides  is  in  many  Spermophyta  likewise  four, 
and  in  recent  times  it  has  been  many  a  time  shown  that  this  behaviour 
is  far  more  general  than  was  earlier  supposed,  when  the  number  of  the 
daughter-cells  was  considered  as  variable '.  That  the  division  into  tetrads 
is  a  generally  spread  phenomenon  seems  very  probable,  since  Overton's 
investigation  of  the  relationship  of  nuclear  division,  directed  to  establish 
the  homology  of  the  megasporocyte  and  microsporocyte,  showed  that  in 
both  cases  the  number  of  the  chromosomes  in  each  is  one-half  that  of  the 
other  cells*.  Four  daughter-cells  have  been  found  in  Gymnospermae *, 
as  well  as  in  a  number  of  Monocotyledones  and  Dicotyledones.  That 
a  reduction  of  the  divisions  can  take  place  is  shown  by  the  fact  that  in 
many  plants  the  megasporoc3^e  passes  directly  into  the  embryo-sac 
without  division,  for  instance  in  Tulipa  and  other  Liliaceae.  I  do  not 
see  why  if  in  these  cases  the  division  is  generally  suppressed  there  should 
not  also  occur  a  reduction  in  the  two  or  three  divisions. 

In  the  arrangement  of  the  walls  of  the  division  the  tetrad-formation 
varies  from  that  which  is  usual  in  sporocytes,  because  the  daughter-cells 
are  usually  arranged  in  one  longitudinal  series.  Seldom  do  they  lie  through 
longitudinal  division  two  beside  one  another.  This  variation  often  occurs 
also  in  pollen-tetrads.  The  lie  of  the  division-walls  in  the  pollen-tetrads 
is  determined  by  the  conformation  of  the  pollen-mother-cells®.  I  may 
illustrate  this  shortly  in  one  example.  Fig.  403  shows  pollen-tetrads  of 
Typha  Shuttleworthii.    The  most  usual  arrangement  is  that  of  Fig.  403,  i, 


^  I  do  not  require  to  qnote  any  liteiatnre,  for  it  is  found  in  all  text-books. 

'  See  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzenorgane,  in  Schenk's  Handbnch 
der  Botanik,  iii  (1S84). 

'  See  Jnel,  Beitrage  znr  Kenntniss  der  Tetradenteilnng,  in  Pringsheim't  Jahrbiicher,  zxxv  (1900), 
p.  626 ;  Komicke,  Studien  an  Embryosadcmntterzellen,  in  Sitzungsberichte  der  Niederrhein«  Geiell* 
schaft  fUr  Natnr-  und  Heilkunde,  1901.    The  literatnre  is  cited  here. 

*  See  Strasbnrgeri  Histologische  Beitrage,  Heft  vi;  id.,  tJber  periodische  Rednktion  der  Chromo- 
somenzahl  im  Entwicklungsgang  der  Organismen,  in  Biologisches  Centralblatt,  xiv  (1894). 

*  In  Larix,  by  Jael,  op.  cit.  In  Pinns  Larido,  Coulter  and  Chamberlain,  Morphology  of  Spermato- 
phytes,  New  York  and  London,  i,  p.  161. 

*  Goebel,  Zur  Embryologie  der  Archegoniatae,  in  Arbeiten  des  botanischen  Instituts  in  Wiirzburg, 
ii  (1880),  p.  441.  The  assumption  there  made  regarding  the  succession  of  the  division -walls  was 
incorrect  There  evidently  takes  place,  as  Wille  later  pointed  out,  a  repeated  bipartition  of  the 
mother-cell.  This  is,  however,  of  subordinate  importance  as  against  the  general  connexion,  that 
is  now  also  accepted  by  later  authors,  between  the  conformation  of  the  mother-cell  and  the  direction 
of  division. 

GOBBBL  II  S  S 


Digitized  by 


Goo^^ 


626 


THE  SPORANGIUM  OF  SPERMOPHYTA 


where  the  pollen-mother-cell  has  divided  into  four  in  one  plane  of  division. 
In  Fig.  403,  2,  the  two  planes  of  division  have  crossed.  In  Fig.  403,  3,  they 
have  an  oblique  position  to  one  another,  and  the  arrangement  approaches 
that  of  the  tetrad.  More  rare  are  the  forms  which  are  shown  in  Fig.  403,  4 
and  5,  which,  however,  are  of  especial  interest  for  a  comparison  with  the 
m^asporocyte.  We  may  well  assume  that  the  elongated  conformation  of 
the  pollen-mother-cells,  which  determines  the  arrangement  of  the  daughter- 
cells,  is  connected  with  the  relationships  of  space  within  the  microsporangium. 
Further,  in  the  megasporangium  it  is  of  the  first  importance  to  remember 
that  the  megaspores  do  not  lose  touch  one  with  another,  and  therefore 
cannot  acquire  the  spherical  form,  which  for  the  ordinary  tetrad-arrange- 
ment is  the  most  suitable.  The  division  by  transverse  walls  suits  much 
better  their  position  in  the  long  axis  of  the  megasporangium  ^. 

The  phenomenon  that  only  one  of  the  four  daughter-cells  normally 
develops  further  into  a  megaspore  may  be  connected  with  the  reduction 
in  the  number  of  spores  in  the  megasporangium,  a  reduction  which  finds  its 

extreme  expression  in  the  suppression  of 
the  tetrad-formation  altogether  in  cases  like 
Tulipa.  Moreover,  there  are  analogies  with 
this  in  the  megasporangia  of  Salviniaceae 
and  Marsiliaceae,  and  in  the  formation  of 
the  microspores  of  some  Monocotyledones*. 
The  megaspores  of  the  Cycadaceae  and  of 
many  Coniferae  have  still  an  evident  cuti- 
cularized  exosporium  which,  as  a  reminis- 
cence of  the  behaviour  of  free-living  m^^- 
spores,  is  of  interest. 
We  must  now  speak  shortly  of  the  structure  and  the  development 
of  the  megasporangia  in  Gymnospermae  and  in  Angiospermae. 


PiQ.  4(M.    Typha  Shattleworthii.    Pollen, 
tetrads.    Magniiied. 


(b)  Special  Features  of  the  Megasporangium  of 
Gymnospermae. 

Cycadaceae.  Owing  to  the  difficulty  of  obtaining  material,  the 
development  of  the  megasporangia  in  none  of  the  Cycadaceae  is  completely 
known,  yet  we  do  know  that  the  ovule  has  a  primitive  character,  that  is  to 
say,  it  is  allied  to  that  of  the  sporangia  of  the  Pteridophyta.  This  con- 
clusion is  based  upon  the  following: — 

(i)  The  existence  of  a  somewhat  copious  sporogenous  tissue  (Fig.  404, 

^  That  in  ao  arrangement  of  tetrads,  as  is  shown  in  Fig.  403,  only  three  cells  may  easily  be 
visible  upon  the  section  is  evident,  and  Johow  has  figured  a  case  like  this  for  Voyria. 

*  See  regarding  Carex,  Juel,  Beitrage  zur  Kenntniss  der  Tetradenteilung,  in  Pringsheim's  Jahr- 
bUcher,  xxxv  (1900),  and  WiUe's  work  dted  there. 
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Sp),  from  which,  however,  so  far  as  we   know,  only  one  cell   develops 
further  as  the  megasporocyte. 

(2)  The  funicle  arises  by  a  subsequent  elongation  of  the  tissue  of  the 
sporophyll. 

(3)  The  nucellus  arises  evidently  by  a  further  development  of  the  wall 
of  the  sporangium. 

To  these  may  be  added  that  the  development  of  a  pollen-chamber  in 
the  nucellus  may  be  considered,  as  in  Ginkgo,  a  primitive  character. 

Our  knowledge  rests  upon  the  investigations  of  Warming  ^,  of  Treub  *, 
and  of  W.  H.  Lang^.  We  shall  take  Treub's  investigations  of  Ceratozamia 
longifolia  as  our  starting-point,  as  they  deal  with  the  earliest  stages,  and 
confirm  and  complete  Warming's  work. 


An  ovule  springs  from  the  edge  of  the  sporophyll 


Ceratozamia  longifolia* 

where  it  passes  over  into  its 
zone  of  insertion.  The  tissue 
at  this  point  has  a  meristic 
character,  and  produces  two 
outgrowths,  which  may  be 
recognized  as  the  primordia 
of  two  ovules.  If  a  longi- 
tudinal section  be  made 
through  this  we  obtain  a 
picture  which  is  quite  like 
that  observed  in  the  trans- 
verse section  of  a  young 
sporangium  of  Ophioglos- 
sum :  under  the  epidermis  is 
a  group  of  sporogenous  cells 
which  have  clearly  arisen  by 
the  division  of  one  or  some 
few  archesporial  cells.  Their  appearance  is  then  the  first  dififerentiation  within  the 
primordium  of  the  ovule,  which  at  this  period  is  essentially  like  the  primordium  of 
the  sporangium  of  Ophioglossum.  Between  the  epidermis  and  the  sporogenous 
cell-mass  there  lies  one  or  it  may  be  more  cell-layers  which  have  a  different  destiny; 
they  do  not  share  in  the  formation  of  the  sporogenous  cell-mass,  but  they  become 
cells  which  are  designated  layer-ceils.  Two  changes  proceed  in  the  older  stages: 
by  the  growth  and  splitting  of  the  layer-cells  an  outgrowth  is  formed  covering  the 
sporogenous  cell-mass  (Fig.  404,  Nu),  and  simultaneously  there  rises  up  around  the 


Pig.  404.  I,  Ceratosamia  longifolia.  Ovale  in  longitudinal  sectioD ; 
/if /,  intq;ainent ;  /l/t\  micropjle ;  AW,  nacellas ;  SA  sporogenoiu  tisane. 
II,  Stangeria  paradoxa;  ^«,  nacellos  m  longitudinal  section ;  SPt  sporo* 
cyte  suToanaed  by  sterile  sporogenous  tissue.  I  slightly  magnified; 
after  Treub.    II  after  W.  R  Lang. 


^  Warming,  Unders0gel8er  og  Betragtninger  over  Cycademe,  in  Oversigt  over  de  kongelige 
Danske  Videnskabemes  Selskabs  Forhandlinger,  1877;  id.,  Bidiag  til  Cycadeemes  Natnrhistorie, 
ibid.,  1879. 

'  Trenb,  Recherches  snr  les  Cycad^s,  in  Annales  da  Jardin  botanique  de  Boitenzorg,  iv  (1884). 

'  W.  H.  Lang,  Studies  in  the  Development  and  Morphology  of  Cycadean  Sporangia :  II.  The 
Ovules  of  Stangeria  paradoxa,  in  Annals  of  Botany,  xiv  (1900). 
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sporogenous  mass  an  annular  wall  which  is  the  primordium  of  the  integument. 
The  outgrowth  referred  to  is  the  primordium  of  the  nuceUus  which  now  like  the 
integument  continues  to  grow.  The  number  of  the  cells  of  the  sporogenous  cell- 
mass  increases,  and  the  whole  cell-mass  becomes  more  sharply  delimited,  and  is 
surrounded  by  narrow  cells  stretched  in  the  longitudinal  direction,  regarding  which 
it  is  questionable  whether  they  may  be  considered  as  tapetal  cells.  Somewhere  in 
the  middle  of  the  sporogenous  mass  there  is  found  a  large  cell — the  mother-cell 
of  the  embryo-sac  (Fig.  404,  II,  Sp),  It  divides  into  usually  three  cells,  but  it  is 
possible  that  the  formation  of  tetrads  also  occurs  here.  At  any  rate  one  of  the 
daughter-cells  grows  into  the  megaspore,  and  overwhelms  the  others.  It  becomes 
filled  subsequently  with  the  prothallus  which  produces  the  archegonia.  In  Stangeria 
the  formation  of  the  prothallus  appears  to  be  dependent  upon  pollination.  The 
dififerentiation  of  the  megaspore  is  completed  here  in  quite  the  same  way  as  is  that 
in  Isoetes  ^,  and  we  may  assume  that  the  tapetal  cells  also  proceed  from  the  sporo- 
genous cell-mass.  At  the  apex  of  the  nucellus  the  pollen-chamber  arises  by  re- 
sorption in  the  nucellar  tissue  (Fig.  400,  I). 

CONIFERAE.  The  ovules  have  sometimes  two  integuments,  some- 
times only  one.  The  int^jument  develops  into  a  wing  in  some  forms 
when  they  are  ripe,  for  example  in  Dammara ;  in  the  Abietineae  the  wing 
appears  to  unite  with  the  seminiferous  scale,  but  evidently  is  derived 
originally  from  the  integument.  The  relationships  otherwise  conform 
essentially  with  those  of  the  Cycadaceae,  yet,  so  far  as  investigation  enables 
us  to  judge,  the  sterilization  of  the  sporogenous  cell-mass  appears  to  have 
proceeded  a  stage  further  in  many  cases ;  nevertheless  it  is  fairly  developed 
in  the  Cupressineae,  where  its  origin,  as  shown  in  the  young  stages  which 
have  been  observed  in  Cupressus,  can  be  traced  back  to  a  few-celled  hypo- 
dermal  archesporium  *.  The  material  is  laid  down  in  the  nucellus,  for  use 
later  by  the  megaspore. 

Strasburger  found  in  Larix  one  megasporocyte  as  is  the  case  in  other 
Abietineae.  In  Thuya  and  Taxus  he  found  many.  The  earlier  the  sterilization  of 
the  sporogenous  cells  begins  the  less  do  they  differ  from  the  oiher  cells  of  the 
nucellus,  so  that  it  is  often  merely  a  matter  of  opinion  what  one  will  designate 
as  'sporogenous  cell-mass.'  This  is  a  consequence  of  the  nature  of  the  course 
of  development  which  has  been  briefly  sketched. 

Gnetaceae.  Space  forbids  our  entering  into  an  account  of  the 
interpretations  of  the  much-discussed  relationships  of  the  ovule,  especially 


*  Seep.  313. 

*  This  gives  off,  however,  namerons  cells  also  for  the  coiistruction  of  the  nncellas.  At  the  momoat 
of  poUixuitioD  I  find  in  the  Capressineae  that  have  been  examined  a  more  or  less  developed  sporogenous 
cell-mass,  which  is  overlain  by  a  copious  nucellar  tissue  which  serves  later  for  the  nutrition  of  the 
megaspores,  just  as  nutritive  material  which  is  laid  down  in  the  many-celled  wall  in  the  young 
sporangium  of  Botrychium  serves  chiefly  for  the  construction  of  the  spores.  The  sporogenous 
ceU-mass  in  Juniperus,  where  it  consists  of  only  few  cells,  lies  about  the  place  where  the  int^;ument 
is  inserted.  In  Callitris  it  is  somewhat  deeper.  The  m^asporocyte  appears  in  Juniperus  at  this 
time  often  clearly  marked  out  by  its  size  and  richness  of  content. 
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of  the  formation  of  the  integument  in  this  family  ^,  and  a  short  exposition 
would  not  serve  to  make  clear  the  relationships  of  the  several  forms  ^. 

FEMALE  SEXUAL  ORGAN  OF  GYMNOSPERMAE. 

The  formation  of  the  female  sexual  organ,  however,  may  be  noticed  here : — 

Cycadaoeae,  GinkgoaoeaOy  Coniferae.  These  families  possess  archegonia 
which  are  embedded  deeply  in  the  prothallus,  and  there  is  an  e%g  which  reaches 
giant  dimensions  in  the  Cycadaceae.  In  consequence  of  the  size  of  the  egg  there 
is  always  a  special  cell-layer  aroimd  it  which  plays  an  important  part  in  its  nutrition '. 
The  neck  of  the  archegonium,  except  perhaps  in  Cycas,  does  not  project  beyond  the 
surface  of  the  prothallus,  and  as  it  does  not  open  no  neck-canal-cell  is  formed.  The 
formation  of  the  neck-portion  is  strikingly  variable.  In  the  Cycadaceae,  Ginkgo, 
Cephalotaxus  Fortune],  Sequoia  sempervirens,  Tsuga  canadensis,  there  are  only  two 
neck-cells,  but  in  the  most  of  the  Coniferae  there  are  foiu* — the  so-called  rosette — 
which  may  divide  by  periclinal  walls  into  one  or  more  tiers,  each  composed  of  four 
or  eight  cells,  as  in  Abies.  We  do  not  know  whether  this  varying  behavioiu*  of  the 
neck-portion  has  any  biological  significance. 

Gnetaeeae.  The  Gnetaceae  exhibit  peculiar  and  remarkable  reladonships. 
According  to  Strasburger  *  Ephedra  possesses  a  typical  coniferous  archegonium  with 
a  long  neck  which  appears  to  be  but  little  different  from  the  surrounding  cells 
of  the  prothallus.  In  Welwitschia'  Strasburger  found  a  considerable  simplification 
in  the  formation  of  archegonia.  The  twenty  to  sixty  initials  lying  at  the  apex  of  the 
prothallus  do  not  divide  further,  but  form  only  outgrowths  which  grow  into  the 
nucellar  tissue  and  against  the  pollen-tubes.  Each  archegonitun  is  then  reduced 
to  a  single  cell  surrounded  by  a  membrane. 

The  behaviour  of  the  megaspore  in  Gnetum,  which  has  recendy  been  studied  by 
Karsten*  and  Lotsy'',  has  special  interest.  In  Gnetum  Gnemon  (Fig.  405)  free 
nuclear  division  at  first  takes  place  in  the  embryo-sac  and  leads  to  the  formation  of 
the  prothallus,  as  in  the  Coniferae,  but  the  formation  of  cell-tissue  only  follows  at  the 
lower  end  of  the  embryo-sac.    At  the  upper  end  the  nuclei  remain  free,  embedded  in 


^  I  may  only  mention  that  Ephedra  possesses  one  integument,  the  outer  integument-like  envelope 
is  evidently  formed  by  the  concrescence  of  two  leaves,  as  it  is  in  Welwitschia,  whose  integument  often 
forms  a  stigma-like  structure  above  (Fig.  353).  Gnetum  has  evidenUy  three  integuments.  I  may 
refer  to  Lotsy's  interpretation  according  to  which  there  is  here  only  one  integument,  and  the  outer 
envelopes  constitute  a  peculiar  perianth.  With  regard  to  Ephedra,  see  Jaccard,  Recherches  embryo- 
logiques  sur  I'Ephedra  helvetica,  Diss,  inaug.,  Lausanne,  1894. 

'  See  Coulter  and  Chamberlain,  Morphology  of  Spermatophytes,  New  York  and  London, 
p.  119,  where  more  recent  literature  is  cited  although  not  fully. 

'  Amoldi,  Beitrage  zur  Morphologie  der  Gymnospermen :  IV.  Was  sind  die  *  Keimblaschen '  oder 
'  Hofineisters-Korperchen '  in  der  EizeUe  der  Abietineen?  in  Flora,  Ixxxvii  (1900),  p.  194.  The 
Uterature  is  cited  here. 

*  See  also  Jaccard,  op.  dt. 

'  The  relationships  here  require  renewed  investigation.  It  is  questionable  whether  the  archegonia 
are  really  functional. 

*  Karsten,  Untersuchungen  Sber  die  Gattung  Gnetum,  in  Annales  du  Jardin  botanique  de  Buitenzorg, 
zi  (1893) ;  id.,  in  Cohn*s  Beitrage  zur  Biologie  der  Pflanzen,  vi. 

^  Lotsy,  Contributions  to  the  Life-history  of  the  Genus  Gnetum,  in  Annales  du  Jardin  botanique  de 
Buitenzorg,  xiv  (1899). 
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the  protoplasm,  and  they  may  l>e  regarded  as  free  cells,  although  a  definitely  limited 
portion  of  the  protoplasm  around  each  single  nucleus  cannot  be  proved.  These  cells 
or  nuclei  are  egg-cells.  They  can  all  be  fertilized,  although  only  one  embryo  develops 
further.  The  germinated  megaspore  then  has  two  regions,  which,  at  least  in  the 
beginning,  are  marked  out  by  a  slight  constriction :  the  upper  generative  region  and 
lower  vegetative  region.  The  vegetative  region  has  the  duty  of  bringing  up  the  plastic 
material  for  the  further  growth  of  the  megaspore  at  the  cost  of  the  nucellar  tissue,  in 
the  same  way  as  happens  in  the  Angiospermae.     The  formation  of  the  cell-tissue 


P10.405.  Gnetam  Gnemon. 
Megaspore.  To  the  right, 
above,     another     megaspore 

compressed    and    posbea    to  PlG.406.    Gnetum.    Upper  part  of  a  megaspore  in  longitndinal  section ; 

one  side.  Magnifiea  37.  After        /«,  apex  of  pollen-tabe;  mi,  mi,  male  nuclei;  PK^  tabe-nucleus;  teul, 
Lotsy.  female  nuclei.    After  Karsten.    Lehrb. 

in  the  antipodal  region  of  the  megaspore  did  not  occur  in  the  species  of  Gnetum 
(Fig.  406)  examined  by  Karsten,  but  the  whole  embryo-sac  behaved  like  the  upper 
end  of  that  of  Gnetum  Gnemon. 

Although  our  knowledge  of  the  development  of  Welwitschia  presents  many 
gaps,  and  that  of  Ephedra  requires  careful  reinvestigation,  yet  we  can  arrange  the 
behaviour  of  the  megaspores  of  the  Gymnospermae  evidendy  in  one  series,  of  which 
the  following  are  the  members  * : — 


^  Apart  altogether  from  the  role  which  the  pollen-tube  exercises  as  a  developmental  stimolns. 
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{a)  The  megaspore  becomes  filled  completely  with  prothallus  which  bears 
normal  archegonia:  Cycadaceae>  Coni  ferae,  Ephedra. 

(b)  The  megaspore  forms  a  prothallus  whose  uppermost  cells  no  longer  unite 
together,  but  become  unicellular  fertilization-cells:  Welwitschia. 

(r)  This  process  takes  place  still  earlier,  whilst  the  growth  of  the  reduced 
archegonia  is  suppressed,  there  are  still  evidently  distinguishable  two  regions  in  the 
megaspore>  but  in  the  generative  region  the  cells  are  not  sharply  limited  from 
one  another:  Gnetura  Gnemon. 

{d)  The  formation  of  a  cell-tissue  before  fertilization  is  entirely  suppressed : 
other  species  of  Gnetum. 

In  other  words,  we  observe  here  that  the  course  of  development  which  was 
visible  in  the  heterosporous  Pteridophyta  has  proceeded  a  step  further,  and  the 
vegetative  development  of  the  prothallus  has  become  always  more  shortened,  and 
consequently  the  fertilization  ^takes  place  at  an  always  earlier  stage. 

It  must,  however,  be  remembered  that  it  is  doubtful  whether  the  series  above 
constructed  is  a  phyletic  one,  for  a  polyphyletic  origin  of  the  Gymnospermae  is  more 
probable  than  a  monophyletic  one.  At  the  same  time  we  may  conclude  that  the 
development  is  not  a  fortuitous  one,  but  has  proceeded  progressively  in  a  definite 
and  regular  manner. 

{c)  Special  Features  of  the  Megasporangium  of 

ANGIOSPERMAE, 

The  development  of  the  megasporangium  in  the  Angiospermae 
diverges  in  no  essential  point  from  that  in  the  Gymnospermae,  difiTerent 
though  the  external  appearance  of  the  ovule  in  the  diflferent  families  of 
Angiospermae  is  ^.  In  general  we  may  say  that  the  structure  of  the  ovule 
stands  in  relation  to  that  of  the  perfect  seed.  Small  seeds  without  endo- 
sperm, like  those  of  the  Qrchideae,  or  seeds  which  have  only  small  endo- 
sperm and  small  embryo,  like  those  of  the  Begoniaceae,  RafHesiaceae,  and 
others,  proceed  from  ovules  which  have  both  the  int^uments  and  the 
nucellus  very  slightly  developed.  Seeds  whose  construction  makes  larger 
demands  are  provided  from  the  first  with  a  greater  development  of  the 
integument  or  nucellus ;  as  special  adaptations  are  to  be  noted  the  formation 
of  an  epithelium  in  not  a  few  cases,  and  the  development  of  the  haustorium 


^  We  know,  unfortunately,  very  little  about  the  biological  significance  of  this  difference. 
Why  is  it  that  the  ovules  are  atropous,  anatropons,  epitropons,  apotropous,  and  so  on?  Is  the 
course  of  the  pollen-tube  a  specially  important  factor — the  path  along  which  it  must  pass,  the 
rapidity  with  which  the  fertilization  must  take  place,  the  material  of  which  it  stands  in  need, 
the  arrangement  of  the  conducting  tissue— or  is  it  only  the  *  internal '  factors  which  determine  the 
configuration  ?  Regarding  these  we  know  nothing,  but  I  have  no  doubt  that  definite  relationships 
wiU  be  discovered,  as  in  so  many  other  cases,  between  the  conformation  and  functions  of  the  ovule. 
That  the  frequency  of  the  anatropous  and  campylotropous  states,  as  compared  with  the  atropous, 
is  connected  with  the  fact  that  in  the  former  the  micropyle,  ceteris  paribus^  always  comes  nearer  to 
the  conducting  tissue  appears  to  me  to  be  beyond  doubt 
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m  the  embryo-sacs,  about  which  more  will  be  said  immediately.    We  have 
first  of  all  to  consider  the  origin  and  construction  of  the  megaspore  ^ 


Pig.  407.  I-III,  Alchemilla  alpina.  IV,  Alchemilla  pnbrscens.  Nucellus  in  longitudinal  section,  showingr 
development  of  mefi^sporangiuro.  In  I,  five  archesporial  cells  are  shown.  In  IV,  six)rogenou8  tissue,  with  six 
npe  roegaspores  and  some  tapetal  cells.    After  Murbeck. 

ORIGIN   OF   THE   MEGASPORE. 

The  archesporium  is  frequently  unicellular,  even  in  megasporangia  with 
massively  constructed  nucellus,  and  this  is  evidently  the  case  because  other 
cells  have  been  early  sterilized.     There  are,  however,  not  wanting  cases  of 

*  Strasbnrger,  Die  Angiospermen  und  die  Gymnospermeiii  Jena,  1879 ;  Fischer,  Zur  Embryo- 
sackentwicklung  einiger  Angiospermen,  in  Jenaische  Zeitschrift  fur  Naturwissenschaft,  xiv  (1S80) ; 
Jonsson,  Om  embryosackens  ntveckling  hos  Angiospennema,  in  Acta  Universitatis  Lundensis,  xvi 
(1879-80);  Guignard,  Recherches  sur  le  sac  embryonnaire  des  phan^rogames  angiospermes,  in 
Annales  des  sciences  naturelles,  s^.  6,  xiii  (1888);  Nawaschin,  Uber  die  gemeine  Birke  (Betnla 
alba,  L.),  in  M^moires  de  TAcad^mie  Imp^riale  de  St-P^tersbonrg,  s^r.  vii,  xlii  (1894);  id., 
Znr  Entwicklnngsgeschichte  der  Chalazogamen,  Corylos  Avcllana,  in  Bulletin  de  TAcad^oue 
Imp^riale  de  St-P^tersbourg,  x  (1899)  J  Benson,  Contributions  to  the  Embryology  of  Amentiferae, 
in  Transactions  of  the  Linnean  Society,  series  2,  iii  (1894). 
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pluricellular  archesporia.  We  find  them  especially  in  Rosaceae,  Aesculus 
Hippocastanum,  Paeonia  arborescens.  Sometimes  also  many  embryo-sacs 
are  developed,  as  in  Alchemilla  (Fig.  407). 

Alohemilla.  Fig.  407  shows  the  development  of  the  primordium  of  the  ovule 
in  Alchemilla  *.  The  behaviour  of  the  nucellus  recalls  the  development  of  the  micro- 
sporangia*.  The  archesporium  is  a  cell-plate,  fi-om  which  layer-cells  are  given  oflf  to 
the  outside,  and  the  epidermis  itself  experiences  periclinal  divisions  (Fig.  407,  II). 
It  is  peculiar  that  a  central  cell  is  not  devoted  here,  as  elsewhere,  to  the  formation  of 
a  megasporocyte,  but  it  lies  somewhat  to  one  side,  and  then  it  divides  into  three  or 
four — most  commonly  four — daughter-cells,  of  which  more  than  one  may  become  an 
embryo-sac.  The  superfluous  embryo-sacs,  which  are  later  pushed  to  one  side, 
evidendy  help  in  the  draining  of  the  nucellar  tissue.  The  longitudinal  section 
(Fig.  407,  III)  will  enable  a  comparison  to  be  made  readily  with  a  sporangium  such 
as  is  shown  in  Figs.  379  and  391,  whilst  in  other  ovules  of  Angiospermae,  in  which 
the  sporogenous  tissue  remains  less  developed,  the  outer  differences  in  relation  to  the 
sporangia  are  much  greater. 

Casnarina.  The  structure  of  the  megasporangia  in  Casuarina  is  very  peculiar. 
We  owe  our  knowledge  of  it  to  Treub  •.  Copious  sporogenous  tissue  is  developed, 
and  the  sterile  tissue  of  the  nucellus  conspicuously  corresponds  in  general  features 
to  the  wall  of  the  sporangia  of  the  Pteridophyla  (Fig.  408, 1).  The  cells  of  the 
sporogenous  tissue  divide  all  in  the  same  manner  as  the  sporocytes  of  other  Angio- 
spermae, yet  the  number  of  the  daughter-cells  cannot  be  certainly  determined  from 
Treub's  account.  The  daughter-cells  which  do  not  function  as  megaspores  evidentiy 
serve  for  a  long  time  as  nutritive  cells.  Many  megaspores  are  laid  down,  but  the 
most  of  them  remain  sterile,  and  only  bring  the  nutritive  material  to  the  favoured 
megaspore.  They  elongate  into  a  tube-like  form  and  become  haustoria,  which  force 
themselves  into  the  funiculus  (Fig.  408,  III).  Biologically  this  repeats  the  case  of  the 
embryos  of  the  Abietineae,  where,  of  the  many  embryos  which  arise  from  one  ^gg, 
only  one  develops,  and  the  others  function  as  haustoria  for  it  *.  The  favoured  mega- 
spore in  Casuarina  lays  down  no  antipodal  cells,  for  these  would  be  functionless, 
the  megasporial  haustoria  having  taken  their  place.  At  the  apex  of  the  favoured 
megaspore  there  will  be  found  two  to  three — seldom  only  one — cells,  which  appear 
to  proceed  from  one  mother-cell,  and  are  usually  provided  with  cell-walls.  They  are 
formed  before  fertilization.  The  tgg  has  the  thickest  membrane.  Besides  there  is 
one  nucleus  present  which  later  divides,  and  initiates  the  formation  of  the  endosperm. 
Whether  this  takes  place  before  or  after  fertilization — if  a  fertilization  takes  place — is 
doubtful.     Many  circumstances  appear  to  me  to  point  to  the  conclusion  that  the 


*  See  Murbeck,  Parthenogcnetische  EmbTyobildting  in  der  Gattnng  Alchemilla,  in  Acta  Univeni- 
tatis  Lundensis,  xxxvi  (1900).  '  See  p.  599. 

'  Treub,  Sur  les  Casuarin^es  et  lenr  place  dans  le  syst^me  nature!,  in  Annales  dn  Jaidin  botaniqne 
de  Bnitenzorg,  x  (1891),  p.  145.  Fnjii,  The  embryo-sac  of  Casnarina  stricta,  in  Botanical  Gazette, 
xxxvi  (is)03),  has  pointed  out  that  the  embiyo-sac  of  Casnarina  stricta  shows  the  normal  behaviour 
of  the  embryo-sac  of  Angiospermae ;  there  is  no  parthenogenesb :  results  confirming  my  view  that 
Casuarina  is  not  a  *  primitive*  form.  *  See  Part  I,  p.  ao8. 
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pollen-tube,  which  forces  its  way  through  the  chalaza  \  stirs  up  the  megaspore  to 
further  development,  but  does  not  effect  a  fertilization,  and  that  Casuarina  reaUj 
exhibits  parthenogenesis.    The  reasons  for  this  conjecture  are  as  follows : — 

f.  The  egg  forms  before  fertilization  a  somewhat  thick  cellulose-membrane. 
This  might,  of  course,  be  somewhat  softened  or  absorbed. 


Pig.  408.  I,  Casaarina  Ramphit.  Megasporangiuni  in  loneitadinal  section.  Sporog^enoas  tissue  dotted. 
II,  Casuarina  tuberosa.  Ponion  of  an  older  nucellus  in  longitudinal  section.  Thrue  megaspores  visible  in  the 
sporogenous  tissue  which  is  dotted.  Ill,  Casuarina  glauca.  Older  stage  of  a  megaspore  grown  out  into 
a  haustorium.    A  tracheid  is  visible  in  the  sporogenous  tissue.    After  Treub.    I  magni&d  100. 

2.  The  pollen-tube   does  not  here  reach  the  sexual  apparatus,  but  implants 
itself  on  the  embryo-sac  at  a  point  separated  from  this. 

3.  There  is  no  fusion  of  two  polar  nuclei. 


^  Casuarina  was  the  first  example  known  of  chalazogamy.    See  p.  615. 


Digitized  by 


Goo^^ 


GERMINATION  OF  MEGA  SPORE  OF  ANGIOSPERMAE        635 

This  is,  of  course,  only  a  conjecture,  but  it  seems  to  me  to  be  not  unwarranted. 
The  investigation  of  the  fertilization  in  this  genus  is  attended  with  great  technical 
difficulties,  and  only  when  they  are  overcome  shall  we  obtain  a  settlement  of  the 
question. 

In  speaking  of  Casuarina,  I  have  considered  it  from  the  biological  and  not  from 
the  phyletic  standpoint.  I  see  in  it  a  plant  which  shows  interesting  arrangements 
for  the  nourishment  of  the  megaspores,  which  are  not  known  in  other  Angiospermae 
in  the  same  degree  of  completeness,  but  I  can  see  litde  that  is  'primitive'  in  its 
behaviour  apart  from  the  existence  of  a  copious  sporogenous  cell-tissue,  which, 
however,  is  found  also  in  a  similar  condition  in  other  diflferent  cycles  of  affinity  of  the 
Angiospermae.  The  processes  within  the  megaspore  seem  to  me  to  point  rather  to 
a  reduction.  Apparently  the  nucleus  divides  in  two — ^the  endosperm-nucleus  and 
that  which  forms  the  egg-apparatus  and  the  two  cells  which  accompany  it.  Every- 
thing else  is  uncertain  ^  and  we  must  restrain  ourselves  from  indulging  the  natural 
desire  to  find  here  a  *  missing  link '  with  the  Gymnospermae,  for  this  is  an  interpre- 
tation which  the  facts,  as  we  know  them  at  present,  do  not  support.  The  whole 
economy  of  the  plant,  too,  must  be  kept  in  mind,  for  it  •will  perhaps  give  us  the 
explanation  of  why  the  reserve-material  is  here  laid  down  at  first  partly  in  the 
sporogenous  cell-mass,  pardy  in  the  funiculus,  and  then  subsequently  is  apparenUy 
quickly  used  up  by  the  megasporial  haustoria.  The  case  of  Alchemilla,  moreover, 
shows  us  in  the  nucellus  remarkable  links  with  that  of  Casuarina. 

Most  of  the  Angiospermae  have  a  sporogenous  tissue  which  is  much 
less  developed  than  in  the  plants  mentioned  above,  and  often  consists  of 
only  one  cell.  The  terminal  result — usually  only  one  megaspore—is  the 
same. 

GERMINATION   OF   THE  MEGASPORE. 

The  processes  of  germination  in  the  megaspore  are  not  always  the 
same,  but  they  group  themselves  about  one  centre  which  we  may  consider 
the  most  usual  and  the  most  typical.  It  was  first  made  clear  by  Stras- 
burger,  and  is  as  follows: — 

The  young  embryo-sac  possesses  one  nucleus — the  primary  nucleus 
of  the  embryo-sac.  This  divides  in  further  growth.  The  two  daughter- 
nuclei  pass  one  to  each  end  of  the  embryo-sac,  and  there  each  divides, 
so  that  four  nuclei  are  found  at  each  pole  of  the  embryo-sac.  Two  of 
these  nuclei — one  from  each  pole,  the  polar  nuclei — move  back  again  to 
the  middle  of  the  embryo-sac,  and  they  are  united  sooner  or  later  to  form 
the  secondary  nucleus  of  the  embryo-sac.  Thus  at  each  end  of  the 
embryo-sac  are  found  three  naked  cells ;   those  at  the  micropylar  end 


^  Engler,  in  Engler  und  Prantl,  Die  natiirlicheii  Pflanzenfamilien,  Nachtrage,  III,  i,  p.  113,  is 
quite  unjustified  when,  in  referring  to  Treub's  investigations,  he  says,  *  There  arises  before  fertili%atum 
a  rudimentary  prothallus  consisting  of  twenty  or  more  cell-nuclei.'  Treub  has  mentioned  this  only 
as  possible  and  eventually  probable.  As  we  know  nothing,  however,  of  where  and  when  fertilization 
takes  place  we  can  naturally  say  nothing  whatever  about  it. 
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forming  the  egg-apparatus,  those  at  the  lower  end  the  antipodal  cells.  This 
behaviour  stands  nearest  to  that  of  Gnetaceae,  where  we  have  seen  that  the 
fertilization  takes  place  at  a  stage  in  which  the  germination  of  the  m^a- 
spore  has  not  yet  proceeded  to  the  formation  of  a  cell-tissue,  and  the  cells 
are  all  potentially  alike,  although  there  is  a  more  or  less  expressed  polar 

differentiation,  which  is  deter- 
mined by  the  lie  of  the  micro- 
pyle,  into  an  upper  generative 
and  a  lower  vegetative  portion 
of  the  megaspore.  We  have  the 
same  polar  differentiation  in  the 
Angiospermae  ^.  The  antipodal 
cells,  at  least  in  many  cases,  have 
certainly  an  important  function  in 
the  nutrition  of  the  megaspore  ^ 
and  this  we  can  quite  well  con- 
ceive of  as  being  like  that  of 
the  epithelium,  which  will  be 
described  below — it  secretes  an 
enzyme  which  brings  about  the 
solution  of  the  nucellar  tissue, 
and  thus  shares  in  the  carrying 
over  of  the  plastic  material  into 
the  embryo-sac.  This  function 
will  naturally  be  specially  as- 
signed to  the  antipodal  cells  where 
they  remain  for  a  relatively  long 
time  and  reach  a  significant  size, 
as,  for  example,  in  Asarum,  many 
Helleboreae  (Fig.  409) ;  in  other 
cases  they  lose  their  function  very  early  and  disappear.     The  egg-apparatus 


FlO.  409.  Aconitum  Napellus.  i,  embryo-sac  shortly 
before  fertilization,  a,  exnbryo-aac  with  giant  antipodal  cells 
at  the  time  of  free  formation  of  endosperm-nuclei.  3,  anti- 
podal.celb  from  above.  4,  5,  one  of  the  synergidae  and  one 
embrya    After  DodeL 


*  I  consider  then  the  whole  content  of  the  megaspore  as  a  slightly  dififerentiated  prothallus  with 
a  v^etative  and  a  generative  part.  The  union  of  the  two  polar  nnclei  is  a  purely  vegetative  process, 
and  stands  in  relation  to  the  fact  that  the  formation  of  endosperm  proceeds  from  one  nucleus, 
strengthened  here  by  union  with  another,  and  is  only  started  by  the  act  of  fertilization.  Whether  we 
consider  the  endosperm  of  the  Angiospermae,  in  contrast  with  that  of  the  Gymnospermae,  as  a  new 
fortnaiion  or  as  a  consequence  of  9i  further  development  following  upon  fertilization  of  the  prothallus 
existing  before  fertilization,  appears  to  me  to  have  no  essential  significance.  From  what  I  have  said 
upon  the  course  of  development  of  the  Spermophyta  I  hold  the  latter  connexion  to  be  the  more 
correct.  In  other  words  the  endosperm  of  the  Angiospermae  is  the  same  as  that  of  the  Gymno- 
spermae, only  it  develops  first  of  all  in  consequence  of  the  stimulus  given  by  fertilization,  whilst  this 
stage  of  development  of  the  megaspore  in  the  Coniferae  is  set  going  by  the  pollination. 

'  As  was  first  shown  by  Westermaier,  Zur  Embryologie  der  Phanerogamen,  insbesondere  Qber  die 
sogenannten  Antipoden,  in  Nova  Acta  der  kgl.  Leop.-Carol.  Deutschen  Akademie  der  Naturforscher, 
Ivii  (1890);  id.,  Historische  Bemerkungen  zur  Lehre  von  der  Bedeutung  der  Antipodenzellen,  in 
Berichte  der  deutschen  botanischen  Gesellschaft,  xvi  (1898),  p.  215. 
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consists  of  the  egg  and  the  two  synergidae.  The  function  of  the  synergidae 
is  unknown.  The  most  probable  conjecture  regarding  them  is  that,  prob- 
ably by  the  extrusion  of  soluble  substances,  they  determine  the  pollen-tube 
to  grow  to  an  egg.  Occasionally  the  synergidae  as  well  as  the  antipodal- 
cells  may  form  embryos^,  which  will  surprise  us  the  less  as  Treub's 
investigations  have  shown  that  the  embryo  of  Balanophora  arises  from  an 
endosperm-cell,  and  in  plants  which  have  marked  polyembryony,  like 
Citrus,  Mangifera  indica,  Clusia  alba,  Opuntia  Ficus  indica,  Funkia  coerulea, 
the  adventitious  embryos,  as  Strasburger  has  shown,  proceed  from  the 
nucellar  tissue — a  condition  which  may  be  compared  with  the  phenomena 
of  apospory  in  some  of  the  Pteridophyta. 

There  would  be  little  interest  in  enumerating  here  the  cases  in  which  relation- 
ships in  the  megaspore  different  from  the  '  normal '  have  been  observed.  So  far  as 
we  know  at  present  they  have  no  significance,  either  in  the  way  of  leading  to  phyletic 
conclusions  or  in  giving  us  a  deeper  insight  into  the  processes  of  germination  of  the 
megaspore.  The  number  of  the  nuclei  arising  by  division  of  the  nucleus  of  the 
megaspore  is  sixteen  in  Peperomia  *,  but  in  the  ripe  embryo-sac  a  behaviour  quite 
like  the  normal  results,  for  a  larger  number  of  these  nuclei,  usually  eight,  unite  to 
form  the  secondary  nucleus  of  the  embryo-sac.  Similar  variations  occur  also  else- 
where. The  number  of  the  antipodal  cells  is  more  than  three  in  many  Monocoty- 
ledones,  for  example  Zea  Mais,  and  in  many  Dicotyledones,  for  example  Stack- 
housia'.  In  Sparganium  and  Lysichiton^  they  are  stirred  up  in  fertilization  to 
further  development  and  multiplication ;  they  may  increase  up  to  one  hundred  and 
fifty,  and  they  remain  for  a  long  time.  Biologically  this  process  might  be  scarcely 
different  from  the  enlargement  of  the  antipodals  after  fertilization  in  other  plants.  In 
both  cases  they  have  that  function  which  is  elsewhere  performed  by  the  epithelium. 

THE   FEEDING   OF  THE   MEGASPORE,    ENDOSPERM,   AND   EMBRYO. 

The  arrangements  which  make  possible  the  nutrition  of  the  megaspore 
and  the  endosperm  and  embryo  arising  within  it  in  the  ripening  seeds  are 
very  different,  and  only  in  recent  times  have  they  begun  to  receive 
attention.  The  most  simple  case  is  that  where  the  m^;aspore  increases, 
and,  without  the  help  of  any  structural  relationships  apart  from  the  anti- 
podal cells,  gradually  absorbs  and  displaces  the  surrounding  cells.  We 
find  this  particularly  in  many  Monocotyledones,  but  also  in  not  a  few 
Dicotyledones. 

Epithelium.     In  a  number  of  cases  the  ovule  possesses  a  layer  of  cells 

^  See  Ernst,  Beitrage  znr  Kenntnis  der  Entwicklong  des  Embryosackes  nnd  des  Embryo  (Poly- 
embryonie)  von  Tulipa  Gesneriana,  L.,  in  Flora,  Ixzxviii  (iS)oi).    The  literature  is  given  here. 

'  See  Johnson,  On  the  Endosperm  and  Embryo  of  Peperomia  pellncida,  in  Botanical  Gazette, 
XXX  (1900) ;  Campbell,  The  Embryo-sac  of  Peperomia,  in  Annals  of  Botany,  xv  (1901). 

•  See  Billings,  Beitrage  zur  Kenntniss  der  Samenentwicklung,  in  Flora,  Ixxxviii  (1901). 

*  Campbell,  Notes  on  the  Stmctore  of  the  Embryo-sac  in  Sparganium  and  Lysichiton,  m  Botanical 
Gazette,  xxvii  (1899),  p.  153. 
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marked  out  by  a  rich  protoplasmic  content,  and  evidently  also  by  the 
nature  of  the  substances  within  its  cells,  as  well  as  by  its  behaviour ;  this 
layer  we  designate  the  epithelium  ^  Its  signification  can  only  at  present  be 
concluded  from  external  considerations,  which  point  to  the  fact  that  it  has 
the  duty  in  a  certain  degree  of  dissolving  the  tissue  which  serves  for  the 
nutrition  of  the  growing  megaspore,  and  of  transferring  this  plastic  material 
to  the  macrospore.  The  indications  for  this,  besides  the  nature  of  the 
contents,  which  have  been  already  pointed  out,  are  in  particular  the  long 
duration  of  this  layer — in  Linum  it  is  still  present  in  the  ripe  seed,  in  other 
cases  it  remains  at  least  longer  than  the  other  layers— and  the  fact  that 
where  the  embryo-sac  forms  haustoria  the  epithelium  is  wanting  in  the 
parts  that  form  the  haustoria.  Where  it  exists  it  belongs  usually  to  the 
inner  integument.  In  Drosera,  however,  it  belongs  to  the  nucellus.  It 
forms  the  innermost  layer  of  the  single  integument  in  many  Sympetalae, 
An  epithelium  has  been  shown  in  the  Choripetalae,  for  example  in  the 
Geraniaceae,  as  well  as  in  many  Sympetalae;  yet  it  is  even  within  one 
family,  according  to  the  usual  limitations,  not  present  everywhere.  It  is 
wanting  in  the  species  of  Gentiana,  but  it  is  present  in  Menyanthes,  which  is 
usually  considered  as  belonging  to  the  Gentianaceae  (Fig.  410). 

Haustoria.  An  epithelium  may  be  combined  with  the  presence  of 
haustoria  (Fig.  411).  These  occur  in  manifold  forms.  They  grow  out  in 
most  cases  through  the  tissue  of  the  nucellus  or  the  integuments,  in 
extreme  cases  appearing  even  outside  the  micropyle,  and  they  are  dis- 
tinguished from  the  other  part  of  the  embryo-sac  usually  by  this,  that  they 


'  Frequently  this  is  also  designated  the  tapetum^  which  can  certainly,  in  a  purely  functional  sense, 
be  correctly  applied.  I  have  elsewhere  (Vergleichende  Entwicklungsgeschichte  der  Pflanzenorgane,  in 
Schenk's  Handbuch  der  Botanik,  iii  (1884),  p.  407)  referred  to  this,  and  shown  that  the  designation 
tapetnm  is  a  functional,  not  a  formal,  historical-developmental  term  (see  also  p.  597  of  this  book),  and 
that  it  is  therefore  incorrect  to  give  the  name  tapetal  cells  to  the  sterile  cells  that  are  separated  from 
the  archesporium,  because  they  contribute  to  the  wall  of  the  megasporangium ;  further,  that  a  tapetnm 
does  exist  and  has  an  epithelium-like  construction  in  the  ovule  and  has  a  definite  nutritive  importance. 
This  explanation  found  at  first  no  attention,  but  it  has  been  confirmed  by  later  research,  and  has  been 
better  substantiated.  M.  Goldfuss  has  also  accepted  my  expression  and  designated  the  tapetum>like 
absorbing  layer  as  'assise  ^pith^liale.*  The  expression  tapetum  might  here  lead  to  a  misunderstand- 
ing, as  it  must  be  used  in  a  different  sense  from  the  ordinary.  The  epithelium  of  the  ovule  u 
morphologically  different  from  the  tapetum  of  the  sporangia.  The  activity  of  the  tapetum  of  the 
sporangium  falls  in  the  time  before  the  complete  construction  of  the  spore;  the  activity  of  the 
epithelium  falls  during  iht  period  of  germination  of  the  spore,  but  as  we  could  speak  in  many  ovules 
also  of  tapetal  cells  around  the  megaspore  during  the  development,  in  the  same  way  as  in  the  case 
of  the  megasporangium  of  Isoetes,  so  it  has  come  about  that  if  the  epithelium  be  called  tapetum, 
as  is  done  by  my  pupils  who  have  investigated  the  development  of  the  seed — see  Merz,  Unter- 
suchungen  iiber  die  Samenentwicklung  der  Utricularieen,  in  Flora,  Ixxxiv  (Ergsinzungsband  zum 
Jahrgang  1897);  Balicka  Iwanowna,  Contribution  k  T^tude  du  sac  embryonnaire  chez  certains 
Gamop^tales,  in  Flora,  Ixxxvi  (1899);  F*  ^*  Lang,  Untersuchungen  iiber  Morphologic,  Anatomie 
nnd  Samenentwicklung  von  Polypompholyx  und  Byblis  gigantea,  in  Flora,  Ixxxviii  (1901); 
Billings,  Beitrage  zur  Kenntniss  der  Samenentwicklung,  in  Flora,  Ixxxviii  (1901)— a  double 
terminology  is  introduced  which  is  better  avoided. 
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do  not  share  in  the  permanent  construction  of  the  seed,  at  least  in  those 
which  are  not — or  only  slightly — filled  with  endosperm.  The  following 
are  some  illustrations  : — 

Linum.  The  megaspore  enlarges  in  this  genus  considerably  after  fertilization. 
Only  one  part  of  it  is,  however,  filled  with  endosperm ;  the  other  serves  as  haustorium, 
and  is  later  separated  from  it\ 

Torenia.    In  Torenia  the  apical  portion  of  the  embryo-sac  grows  as  a  hausto- 
rium out  of  the  micropyle   before   fertilization. 
Torenia   belongs    to    the    Sympetalae,    and   the 
formation  of  haustoria  is  widely  spread'  in  this 
group. 

Byblis  gigantea.  Fig.  412  shows  a  longi- 
tudinal section  of  Byblis  gigantea.  Only  the 
middle  part  of  the  embryo-sac  is  filled  with  endo- 
sperm, within  which  the  young  embryo  lies.    The 


Pig.  410.  Menyanthes  trifoliata.  Ovule  in 
longitudinal  section.  There  is  a  thick  integument 
in  which  a  conducting  bundle  runs  to  near  the 
downwardly  directed  micropyle.  The  embryo-sac 
fills  the  nucellus.  It  is  surrounded  by  an  epi- 
thelium.   After  Billings. 


Fig.  411.  Myoporum  serratum. 
Embryo-sac  in  longitudinal  section. 
It  is  surrounded  by  an  epithelium 
excepting  in  the  upper  (antipodal) 
and  the  lower  (egg-apputitns) 
regions,  where  haustoria  are  sub- 
sequently formed.    After  Billings. 


embryo-sac  at  the  upper  micropylar  end,  as  well  as  at  the  chalazal  end,  has  become 
a  haustorium.  These  haustoria  are  filled  with  cell-tissue,  and  are  apparently 
structures  which  have  only  a  temporary  function.  The  haustorium  experiences  a 
large  increase  in  surface  by  outgrowths  which  spread  like  a  fungus-mycelium  into 
the  thick  integument '.     Subsequently  the  upper  and  lower  portions  of  the  embryo-sac 


^  See  BiUiDgs,  Beitrage  zur  Keimtniss  der  Samenentwicklung,  in  Flora,  Ixxxviii  (1901),  and  the 
works  of  Hegelmaier  and  others  cited  there. 

^  See  Balicka  Iwanowna,  Contribution  k  T^tude  du  sac  embryonnaire  chez  certains  Gamop^tales,  in 
Flora,  Ixxxvi  (1899)  J  Billings,  op.  cit. 

'  In  plants  we  find  frequently  the  phenomenon  of  autoparasitism,  that  is  to  say,  that  an  organ  Uves 
at  the  cost  of  another  belonging  to  the  same  plant  The  phenomenon  is  very  strikingly  seen, 
especially  in  the  development  of  the  seed  and  fruit.  That  this  parasitism  is  essentiaUy  different 
from  alloparasitism,  where  a  foreign  organism  is  used  as  a  host,  as  some  people  say,  I  do  not  believe. 
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are  cut  off  from  the  remaining  portion  of  the  endosperm  by  tabular  endosperm-cells 
with  cuticularized  walls. 

Globularia.  The  haustoria  are  even  more  developed  in  Globularia  (Fig.  413), 
where  they  also  grow  out  of  the  micropyle. 

XJtarioularia  and  Folypompholyx.  The  behaviour  in  these  genera  is  also 
remarkable.  The  nutritive  materials  for  the  haustoria  are  laid  down  before  their 
appearance,  and  are  only  later  sought  out  by  the  haustoria  and  absorbed  by  them. 
The  phenomenon  probably  occurs  elsewhere,  although  it  is  usually  less  visible.     The 


PlO.  41a.  Byblis  {[ij^fantea.  Yoanc;  seed  in  lonritadinal  lection; 
B^  embryo  embedded  in  the  endosperm,  End\  H^  Hi  haustoria  at  the 
end  of  the  seed,  and  showing  hypha-Iike  outgrowths.    After  P.  X.  Lang. 


PiQ.  413.  Globolaria  cordifolia. 
Portion  of  a  young  seed  in  longitudinal 
section.  The  haustorium  has  grown 
out  of  the  micropyle  and  has  branched, 
the  branches  l3ring  against  the  ovarian 
wall,  Py  and  against  the  fnnicle,  f. 
After  Bdlings. 


points  of  deposition  of  nutritive  material  may  be  designated  as  nutritive  tissue.  They 
are  found  in  these  plants  in  two  places : — 

I.  Internal  in  the  chalazal  region  (Figs.  414  Dr  above;  415,  oDr\  417  /iV). 

3.  External  within  the  funiculus.  In  Polypompholyx  the  external  position  is 
clearly  in  the  funiculus  (Fig.  417,  bN)y  in  Utricularia  it  is  at  the  place  where  the 
funiculus  passes  into  the  placenta  (Figs.  414  2>r  below,  415  uDr)-,  but  even  here,  as 
the  behaviour  in  Polypompholyx  shows,  the  nutritive  tissue  should  be  reckoned 
as  funicular.  The  megaspore  sends  out  at  both  ends  a  haustorium ;  the  micropylar 
haustorium  grows  out  of  the  micropyle  and  into  the  external  funicular  nutritive 
tissue ;  the  chalazal  one  pierces  the  internal  chalazal  nutritive  tissue.    Both  haustoria 
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FlO.  414.  Utricularia  inflaU.  Ovule  in  longi- 
tadinal  section ;  Dr^  natritive  ttssae ;  »,  naoeUus ; 
€9m^  mc^graiporocyte.    Magnified  500.    After  Merc 


P1Q.A15.  Utricularia  stel- 
larifl.  Ovnle  in  lonfitadinal 
section^  oDr^  chaiasal  na- 
tritiTe  ti»ae  for  the  embnro 
aac ;  uDr^  fanicnlar  nutritive 
tissae  for  the  embryo-aac, 
which  has  qnite  used  ap  the 
nacellos  and  is  protmded 
from  the  micropyle ;  #^,  epi- 
thelium ;  3,  jonxkg  embryo. 
After  Men. 


P1G.A16.  PolypomphoIyxmnlti> 
fida.   Young  ovule  in  longitudinal  PiG.  417.    Polypompholyz  mnltifida.    Older  ovule   in  longitudinal 

section :  n,  nucellns  composed  of        section.    The  micropyle,  from  which  the  megaspore  has  grown  oat,  is 


section :  n,  nucellns  composed  of 
an  axile  row  of  cells.  The  lower- 
most  cell  is  the  megasporocyte. 
The  outer  cell-layer  is  shaded. 


turned  obliauely  upwards:  Bi^  egg-apparatus;  An,  antipodal  cells; 
/A^  chaUual  nutritive  tissue;  bN\tQsx\ea\MX  nutritive  tissue;  /,  epi- 
thelium.   After  P.  X.  Lang. 
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are,  as  in  Byblis,  cut  off  later  from  the  middle  portion  of  the  embryo-sac  carrying  the 
endosperm. 

Fundamentally  we  have  here  only  special  cases  of  the  general  behaviour  that  in 
the  ovule  or  outside  of  it  material  is  stored  up  which  can  be  absorbed  by  the  mega- 
spore  in  its  further  growth. 

Similar  relationships  repeat  themselves  in  the  development  of  the 
embryo. 

DEVELOPMENT  OF  THE  FERTILIZED  EGG. 

With  r^fard  to  the  development  of  the  fertilized  egg  I  must  refer  to 
what  I  have  said  elsewhere*,  and  also  to  Areschoug*,  for  nothing  fmida- 
mentally  new  has  been  added  to  the  subject  I  will  only  here  indicate 
the  following  points: — 

I.  The  fertilized  egg  does  not  usually  become  in  toto  the  embryo, 
but  the  embryo  develops  only  out  of  the  distal  portion  of  the  embryonal 
primordia— the  so-called  pro-embryo.  The  proximal  portion  becomes  the 
suspensor. 

a.  The  function  of  the  suspensor  *  is  a  double  one : — 

(a)  The  uptake  of  nutritive  material,  and  in  connexion  therewith 
we  often  observe  a  considerable  increase  in  its  surface.  In  many  plants 
haustorial  outgrowths  appear,  as  in  Stellatae,  Ribesiaceae,  and  Orchideae. 

{V)  To  bring  the  embryo  into  the  most  favourable  position  for  its 
nutrition,  especially  during  germination,  and  we  have  seen  this  function 
very  markedly  in  the  species  of  Lycopodium  and  Selaginella  as  well  as  in 
most  Gymnospermae. 

The  functioning  of  the  suspensor  as  a  haustorium  finds  analogy  in  the 
megasporial  baustoria  which  have  been  mentioned  above.  Treub's  investiga- 
tions of  the  Orchideae  have  in  this  respect  a  special  interest,  and  have 
supplied  a  number  of  remarkable  examples.  Also  the  case  of  Tropaeolum, 
which  has  been  so  frequently  described,  may  be  placed  in  the  same 
cat^ory.  If  in  this  and  like  cases  we  are  satisfied  with  giving  as  an 
\*  explanation '  that  the  *  need  acts  as  a  stimulus,'  we  do  not  seem  to.get  any 
further  than  a  paraphrase  of  the  fact  that  this  phenomenon  is  one  which 
is  evidently  advantageous. 

The  processes  which  lead  to  the  formation  of  the  seed-coat  and  its 
appendages,  as  well  as  the  appearance  of  the  aril  and  caruncule,  must 
be  left  untouched.  They  belong  to  the  question  of  the  distribution  of  the 
seed  which  does  not  require  a  new  exposition  at  this  time. 


^  Goebel,  Vergleichende  Entwicklnngsgeschichte  der  Pflanzeooigane,  in  Scheiik*8  Handbnch  der 
Botanik,  iU  (1884). 
'  AreschoQg,  Om  de  Phanerogames  Embryo  Natrition,  in  Lunds  Universitets  Arsakiift,  xxz  (1894). 
•  See  Goebel,  op.  cit,  p.  17a. 
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Baohinia  ap.    Watch-spring  tendrils.    Fig.  304.    II,  p.  456. 

Begonia  inoamata.    Scheme  of  leaf-arrangement  and  branching.    Fig.  70.    I,  p.  x  18. 

Begonia  Bex.    Scheme  of  leaf-arrangement  and  branching.    Fig.  6^.    I,  p.  118. 

Benincaaa  oerifora.    Development  of  forerunner-tip  and  tendril.    Fig.  aoi.    II,  p.  308. 

I,  „  Prophylis  and  development  of  tendriL    Fig.  a88.    11,  p.  434. 

Berohtoldia  bromoidea.    Embryo  from  outside.    Fig.  a8i.    II,  p.  4x7. 


BerthoUetia  exoelaa.    Embnro.    Fie.  180.    II,  p.  359. 

Bignonia  albo-lotea.    Trifid  tendrilTar  hooks.    Fig.  383.    II,  p.  4ao. 

„  ,f  Young  tendril.    Fig.  384.    II,  p.  431. 

Blaaia  poailla.    Vegetative  point  with  developing  organs.    Fig.  34.    11,  p.  a8. 


„  Young  tendril.    Fig.  384.    II,  p.  431. 

Vegetative  point  with  developing  organs.    Fig.  34. 
Plant  with  spoxogonia  and  lateral  segmentation  of  thallus.    Fig.  33.    II,  p.  37. 


Blyttia  deoipiena.    Male  plant.    Fig.  18.    II,  p.  24. 

Blyttia  longispina.    Apex  of  Ihallus  with  margmal  cell-rows.    Fig.  31.    II,  p.  36. 

Blytti*  IiyeUi.    Wall-cell  of  opened  antheridium.    Fig.  5.    11,  p.  13. 

Blyttia  sp.    Archegonial  group  in  vertical  section.    Fig.  70.    n,  p.  8a. 

Bljttia  sp.    Thallus  with  archegonia  and  young  sporogonium.    Fig.  90.    11,  p.  105. 

Boatryohia  Moritaiana.    Branching  and  root-formation.    Fig.  14.    I,  p.  39. 

Botryohiom  Iionarla.    Transition  between  sterile  and  fertile  pinnae.    Fig.  3x3.    n,  p.  475. 

„  „  Sporangium  in  longitudinal  section  showing  sporogenous  mass  and  tapetum. 

Fig.  379.    II,  p.  584. 
Botryohiom  virginianom.    Scheme  of  orientation  of  organs  in  embcya    Fig.  175.    II,  p.  345. 
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Bowies  Tolubilis.    Climbing  assimilating  inflorescence.    Fig.  303.    II,  p.  449. 
Bryonia  dioioa.    Androedum.    Fig.  358.    11,  p.  539. 
Biyopteiis  flllolna.    Stoloniferons  plant    Fig.  40.    11,  p.  44. 
Bryum  giganteoiiL    Habit  of  plant.    Fig.  11 1.    11,0.133. 
Bxynm  psendotziqaatnim  P    Protonema-cnshion.    Fig.  90.    I,  p.  148. 

Bnxbaumia  indoaiata.    Protonema  with  male  plants  and  showing  leaf-development    Fig.  105. 
n,  p.  ia6. 
„  „  Strncture  of  peristome.    Fig.  139.    11,0.164. 

Byblis  gigantea.      Yonng  seed  in  longitudinal  section.    ChaUxal  and  micropylar  hanstoria. 
Fig.  413.    n,p.  (^o. 

Callitriche  vema.    Leaf-rosette.    Fig.  397.    U^.  44a. 
CalobTynm  Blnrnii.    Female  plant.    Fig.  37.    U,  p.  40. 
Caltha  palustris.    Venation  of  leaf.    Fig.  a  a  a.    II,  p.  343. 

„  „  Development  of  axillaiy  stipule.    Fig.  346.    II,  p.  373. 

Oaiypogeia  erioetomm.    Plant  with  fertile  root-like  shoot  enclosing  sporogonium.    Fig.  78. 
II.  p.  90. 

„  „  Fertile  sac  enclosing  archegonia  and  embryo.    Fig.  79.    II,  p.  91. 

Oampannla  rotondifolia.    Shoot  showing  reversion  of  leaves.    Fig.  lai.    I,  p.  343. 
Carex.    Scheme  of  embryo  in  germination.    Fig.  375.    II,  p.  41a. 
Carex  Orayana.    Base  of  endosperm  enclosing  embryo  in  longitudinal  section.    Fig.  374.    II, 

p.  411. 
Casoarina  glanoa.      Megasporangium  in  longitudinal   section   with   megasporial   haustorium. 

Fig.  408.    II,  p.  634. 
Casnarina  Bumphii.    Young  megasporangium  in  longitudinal  section.    Fig.  408.    11,  p.  634. 
Oasoaiina  torolosa.    Seedling-plant.    Fig.  84.    I,  p.  144. 
Casoarina  taberoaa.    Megasporangium  with  three  megaspores  in  longitudinal  section.    Fig.  408. 

II,  p.  634. 
Oatharinea  undolata.    Opening  cap  of  antheridium  in  longitudinal  section.    Fig.  3.    II,  p.  11. 
Oaulerpa  prolifera.    Creeping  shoot.    Fig.  47.    I,  p.  91. 

Centradenia  inaeqnalateralis.    Shoot  with  asymmetric  leaves.    Fig.  65.   J,  p.  iii. 
CephalotaxuB  Fortune!    Portion  of  female  flower  in  longitudinal  section.    Fig.  348.    IL  p.  5x5^ 
Cephalotus  foUionlaris.    Transition-stage  from  ordinary  foliage-leaf  to  tubular  leaf.    Fig.  317. 
II,  p.  337- 

„  ,y  Development  of  pitcher-leaves.    Fig.  318.    II,  p.  339. 

Ceratosamia  lon^olia.    Ovule  in  longitudinal  section.    Fig.  404.    11,  p.  637. 
Oeratosamia  robnsta.    Coral-like  branoied  air-roots.    Fig.  iSjr.    II,  p.  383.  • 

„  „  Megasporophylls,  young  and  older.    Fig.  343.    II,  p.  513. 

„  „  Development  of  ovule.    Fig.  400.    II,  p.  616. 

Chamaerops  (Traohycarpns)  exoelaa.    Primary  leaves.    Fig.  310.    II,  p.  337. 
Ohamaerops  hmnilis.    Development  of  leaf  in  a  series  of  transverse  sections.   Fig.  353.    II,  p.  379. 
Ohara  fragilis.    Shoot  showing  habit    Fig.  la    I,  p.  35. 
Ohelidonimn  mi^as.    Asynmietric  leaf-lobes.    Fig.  73.    1,0.133. 
Ohondrioderma  difforme.    Germination  and  fomuition  of  oUsmodium.    Fig.  3.    I,  p.  35. 
Cinchona  suocirobra.    Interpetiolar  stipules.    Fig.  343.    II,  p.  370. 

Ciroaea  intermedia.    Stoloniferons  plants  with  geophilous  shoot-apices.    Fig.  308.    II,  p.  ^64. 
Ciatua  popnlifoliua.    Development  of  s^mcarpous  superior  gynaeceum.    Fig.  369.    II,  p.  565. 
Cladonia  cocoifera.    Thallus  with  podetia.    Fig.  31.    I,  p.  73. 
dadonia  verticillata.    Tiered  growth.    Fig.  33.    I,  p.  73. 
Cladophora  glomerata.    Branching.    Fig.  9.    I,  p.  34. 
Cladostepbus  vertioillatas.    Long  shoot,  with  short  shoots,  in  longitudinal  section.    Fig.  13. 

I,  p.  37- 
Cliftonaea  peotinata.    Branching  of  dorsiventral  shoot    Fig.  16.    I,  p.  40 ;  Fig.  40.    I.  p.  86. 
Cobaea  acandens.    Portion  of  shoot  showing  leaf-base.    Fig.  334.    II,  p.  359. 

„  „  Leaf  with  auriculate  lower  pinnules.    Fig.  335.    II,  p.  360. 

„  „  Development  of  tendril.    Fig.  386.    11,  p.  433. 

„  „  Development  of  tendriL    Fig.  387.    II,  p.  433. 

Colnra  Earsteni.    Saccular  leaf  with  valve  in  longitudinal  section.    Fig.  55.    II,  p.  63. 
Cohira  tortifolia.    Shoots  with  amphi^tria.    Fig.  54.    II,  p.  60. 
Commelina  ooeleatia.    Scheme  of  an  inflorescence.    Fig.  83.    I,  p.  139. 
ComiKMite.    Nearly  aphyllous  plant    Fig.  300.    II,  p.  446. 
Conoreeoenoe  and  free  development. — Scheme  of.    Fig.  33.    I,  p.  53. 
Coriaria  myrtifolia.    Development  of  superior  apocarpous  gynaeceum.    Fig.  366.    II,  p.  561. 
Crantaia  linearis.    Young  cylindric  lea£    Fig.  193.    II,  p.  395. 
Croons  longifloroa.    PulHroots.    Fig.  184.    II,  p.  371. 
Oryptoooryne  oiliata.    Development  of  the  seed  and  embryo.    Fiff.  177.    II,  p.  355. 

„  „  Seed  in  longitudinal  section.  Embryo  detacned  from  cotyledon.    Fig.  178. 

II,  p.  356. 
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Ooourbitaoeaa.    Androednm  in  several  genera.    Fig.  3^8.    II.  p.  539. 

Oophea  Zimpani.    Young  nooellas  in  longitudinal  section.    Fig.  39^.    II,  p.  601. 

Ojathodium  oaTamamm.    Two  cell-rows  forming  scales  on  nnd^de  of  tnalliis.    Fig.  25.     H, 


P-30- 
Ojathophomm  pannattmi.    Plant  showing  anisophylly.    Fig.  54.    I,  p.  100. 
Oroadaoaaa.    Scheme  of  germination  of  the  microspore.    Fig.  399.    U,  p.  61  a. 
Oyoaa  oiroinalia.    Microsporophvll.    Fig.  344.    II,  p.  5x4* 
Ojoaa  rrroluta.    MegasporophyU.    Fig.  341.    II.  p.  513. 

Ojolaman  parai<nun.    Seedling-plant  with  tuberous  bypocotyL    Fig.  a68.    II,  p.  403. 
Oyolanthara  pedata.    Androednm.    Fi£.  358.     IL  p.  539. 

Oyparoa  altemifoUos.    Stages  of  genmnation  and  formation  of  seedling-plant    Fig.  376.     U 
p.  4»3- 

„  „  Bud  in  tiansvefie  section.    Fig.  398.    11,  p.  ^3. 

„  „  Shoot  with  distorted  leaves  and  fitaSdj  prophylla.    Fig.  399.    11,  p.  443. 

Cyperoa  daoompoaitai.    Embryo  in  longitudinal  section.    Fig.  377.    n,  p.  414. 


Daorjdium  Ck>lenaoi  P    Flower  and  ovules  in  section.    Fig.  348.    II,  p.  519. 
■       ■  '  '•    '  [98.    if  I       ' 

Fig. 
I'ig.  30-    Ilft^ 
Thallus  with  bood-like  structures.    Fig.  51.    11,  p.  57. 


Daotylia  flomerata..   Development  of  leaf.    Fig.  198.    11^  p.  306. 
Dawaonia  superbab    Structure  of  wall  of  capsule.    Fig.  130.    II, 
Dendrooeros  foliataa.    Apec  of  thallus.    Fig.  30.    iT,  p.  36. 


Dianthna  Oaryophyllua.    Bud  of  a  double  flower  dissectra  out.    Fkf.  357.    11,0.537. 
Diapenaia.    Syncarpous  superior  ovary  in  transverse  section.    Fig.  307.    II,  p.  503. 
Diokaonia  antarctioa.    Development  of  sorus  and  sporangia.    Fig.  331.    II,  a  495. 


Dionamon  aamloryptiim.   Germinated  spore  from  unopened  sporogonium.    F%.  103.    II,  p.  134. 
Dionaea  moaoipiila.    Development  of  paracaipous  superior  gynaeceum.    Fig.  370.    11,  p.  566. 
Dioon  adnla.    MegasporophyU.    Fig.  343.    II,  p.  513. 
Di]>h7aoiam  foUosmn.    Forms  of  Inf.    Fig.  113.    11,  p.  135. 

„  „  Stem  in  longitudinal  section,  beariog  sporogonium.   Fig.  1x7.    I,  p.  337. 

Dipterocaarpua  alataa.    Concrescent  stipules.     Fig.  340.    II,  p.  368. 
Doodya  caudata.    Germ-plant  with  primary  leaves.    Fig.  93.    I,  p.  153. 

.   "         -       'o.    II, 


Apogamous  prothkllus.     Fig.  160.    II,  p.  33i. 
iTraoaena  inoiviaa.    Seedling-plant  with  cotylar  haustorium.    Fig.  371.    u,  p.  409. 
DrapanopUjUimi  folvom.    Distichously-leaved  shoot.    Fig.  114.    II,  p.  130. 
DroaophjUom  Inaltanioum.    Circinate  ptyxis  of  leaf.    Fig.  303.    II,  p.  311. 
DnrmogloMom  aaboordataxn.    Plant  with  sterile  and  fertile  leaves.     Fig.  333.    II,  p.  485. 
Dnlongia  acuminata.    Epiphyllous  inflorescence.    Fig.  395.    II,  p.  437. 

Xtohhomia  oraaaipaa.    Development  of  venation  of  leaf.    Fig.  319.    II,  p.  340. 
Blaphogloaarim  (Aoroaticlium)  apatholatam.    Sterile  and  fertile  leaves.   Fig.  333.    II,  p.  ^5. 

Sporophyll  still  folded  in  transverse  secnoo. 
».  >f  „  Fig.  333.    n,  p.  496. 

Xlafeoatamma  seaaile.    Bud  in  transverse  section.    Fig.  64.    I,  p.  no. 
Bmbryo.    Scheme  illustratine  orientation  of  organs  in  Homosporous  Leptosporangiate  Filidneae, 

Botrychium  virpnianum,  Lycopodium  clavatum,  Selaginella.    Fig.  175.    II,  p.  345. 
Sphemeropsia  tjibodensia.    Segment-walls  of  protonema.    Fig.  99.    II,  p.  119. 

„  „  Habit  of  protonema.    Fig.  100.    II,  p.  1 30. 

Xphamardm  aarratnin.    Protonema  with  male  and  female  plants.    Fig.  87.    I,  p.  14^. 

„  „  Protonema  with  two  young  plants.    Fig.  88.    I,  p.  147 ;  Fig.  107.    II, 

p.  139. 
Bqxiiaatnm.    Scheme  of  development  of  the  antheridinm.    Fig.  133.    II,  p.  178. 
Bqtilaatiim  pratenae.    Anthendia  in  longitudinal  section.    Fig.  131.    II,  p.  174. 


Male  prothallns.    Fig.  133.    II,  p.  175, 
Female  prothallus.    Fig.  x 43.    II,  p.  10 
Xrloa  camaa.    Half-anther  in  transverse  section.     Fig.  398.    II,  p.  611 


» 


Xrlopua  remotifolius.     Plant  in  fructiflcation  showmg  gemmae  with  separation-cell.    Fig.  114. 

II,  p.  13^. 
Bryngiam  maritlmiun.    Development  of  inferior  ovary.    Fig.  371.    II,  p.  569. 
Xrythraea  polcheUa.    Flower-bud  in  transverse  section,  development  of  ovary.    Fig.  365.    II, 

p.  558. 
Xaohaoholtaia  oalifomloa.    Flower-bud  in  transverse  section.    Fig.  355.    II,  p.  531. 
Snoamptodon  Hampaanom.    Germinated  spores  from  unopened  sporogonium.    Fig.  103.    II, 

p.  X3^. 

Boptilota  HarveyL    Branching,  long  shoots  and  short  shoots.    Fig.  46.    I,  p.  89 ;  Fig.  80.    I, 


Ifaconnotlieoa  HolatiL     Thallus.    Fig.  67.    II,  p.  75. 
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Facos.    Scheme  of  position  of  Uterml  bndt.    Fig.  49.    I,  p.  93. 
FagAtells  ■nprad^oomposita.    Separable  propagadve  tmgk.    Fig.  44.    II,  p.  48. 
FilicM.    Primary  leaves.    Fig.  9a.    1,  p.  151. 
Ferlllaft  trilobata.    ADdroecinm.    Fig.  358.    II,  p.  539. 
Filioina«a.    ProthalU  at  different  stages  of  development    Fig.  14^.    II,  p.  aoi. 
FoMombronia  tnberifara.    Plant  v^th  fructification  and  developmg  taber.     Fig.  34.    11,  p.  38 ; 

Fig.  6i.    II,  p.  67. 
„  „  ThalTus  with  subterranean  tuber.    Fig.  60.    II,  p.  66. 

FrazinnB  ezoeUlor.     Development  of  leaf  and  venation.    Fig.  334.    II,  p.  344. 
Froa-devalopment  and  oonoresoenoe.    Scheme  of.    Fig.  a  a.    I,  p.  53. 
Frallania  Tamariaol.    Shoot  showing  amphigastria  and  vrater-sacs.    Fig.  5a.    II,  p.  58. 
Funaria  hygrometrloa.    Opening  cap  of  antheridium.    Fig.  3.    II,  p.  11. 

„  „  Germination  of  spore.    Protonema.    Fig.  89.    I,  p.  147  ;  Fig.  98.    II, 

p.  117. 

„  „  Protonema  with  separatioQ-ceUs.    Fig.  104.    11,  0.135. 

„  „  Young  plant  attached  to  protonema.    Fig.  106.    II,  p.  ia8. 

„  „  Protonema  produced  in  darkness.    Fig.  114.    I,  p.  333. 

„  „  Schemeofcell'divisions  in  development  of  capsule.  Fig.  I  a  a.    II,  p.  156. 

Funkia  ovata.    Development  of  leaf.    Venation.    Fig.  33a    II,  p.  341. 

Qaartnara  sp.    Bud  in  transverse  section.    Fig.  347.    II,  p.  374. 

Galium  MoUogo.    Shoot  in  transverse  section  showing  azillaij  bud.    Fig.  344.    II,  p.  370. 

Qaniata  sagittalis.    Showing  shoot  produced  in  dark^ss.    Fig.  134.    I,  p.  348. 

Qanliaea  violaoea.    Seedling,  older  plant,  portion  of  inflorescence.    Fig.  169.    II,  p.  337. 

Oeraniom  pratense.    Seed  in  transverse  section.    Fig.  67.    I,  p.  116. 

Geom  bulgarioum.    Leaf.    Fig.  8x.    I,  p.  137. 

G-inkgo  biloba.    Portion  of  male  flower  in  lon^tudinal  section.    Fig.  345.    II,  p.  5x5. 

M  „  Male  and  female  flowers.     Fig.  347.    II,  p.  5x8. 

Olaiohenia  clrcinata.    Sonis.    Fig.  385.    II,  p.  590. 

Olelohania  diohotoma.    Forked  leaf  with  bud  and  protecting  pinnae.    Fig.  3o6.    II,  p.  319. 
Olobnlarla  oordifolia.    Portion  of  young  seed  in  longitudinal  section.    Micropylar  haust^um. 

Fig.  413.    II,p.  6ao. 
Onetum.    Upper  part  of  megaspore  in  longitudinal  section  at  time  of  fertilization.    Fig.  406.    II, 

p.  630. 
Onetum  Onemon.    M^aspore.    Fig.  405.    II,  p.  63a 
QoldfaMia  glomerata.    Sdieroe  of  phyllotazy  and  leaf-symmetiy.    Fig.  66.    I,  p.  113;  Fig.  137. 

I,  p.  354. 
OonolobuB  ap.    Forerunner-tip  of  leaf.    Fig.  199.    II,  p.  307.  • 

„  „      Development  of  forerunner-tip  of  leaf.    Fig.  300.    II,  p.  307. 

Orasa.    Stem  and  portion  of  leaf.    Fig.  348.    II,  p.  375. 
Orimaldia  didiotoma.    Spores.    Fig.  91.    II,  p.  107. 
Ouilandina  sp.    Stipules.    Fig.  336.    II,  p.  361. 
Qymnanthe  saocata.    Plant  and  fertile  sacs.    Fis;.  80.    II,  p.  93. 
Oymnogramme  leptophjlla.    See  Anogramme  leptophylla. 

Hakea  triitircata.    Twig  with  simple  flat  and  branched  cylindric  leaves.    Fig.  193.    II,  p.  394. 
Haloptaria  fllicina.    Shoot-system.    Fig.  11.    I,  p.  36. 

„  „  End  of  long  shoot.    Fig.  13.    I,  p.  37 ;  Fig.  44.    I,  p.  88. 

Hedera  Helix.    Leaf-forms.    Fig.  98.    I,  p.  160. 
Hedwigia  oiliata.    Leaf-structure.    Fig.  113.    II,  p.  133. 
Hedyaanun  oapitatum.    Asymmetry  of  leaves.    Fifi[.  71.    I,  p.  I3i. 
Hedysarom  obsonrom.    Bud  in  transverse  section  showmg  stipules.    Fig.  343.    II,  p.  369. 
Helianthns  annaua.  Capitnla  showing  size  of  ray-florets  affected  by  light.    Fig.  361.    II,  p.  553. 
Helicodioeroa  muaoivorua.    Branching  of  leaf.    Fig.  309.    II,  p.  334. 
Helmlnthortachys  aeylanica.    Development  of  sporophyll.    Fi£.  318.    II,  p.  481. 

„  „  Mature  sporophvlL    Fig.  319.    II,  p.  483. 

n  99  Mature  sporangiophore.    Fig.  330.    II,  p.  483. 

„  „  Young  sporan^ophores  on  sporophyll.    Fig.  331.    II,  p.  484. 

Hamionitia  palmata.    Virescent  archegonium.    Fig.  139.    II,  p.  187. 
Hamitelia  (Amphiooamia)  Walkeraa.    Development  of  prothallus.    Fig.  144.    11,  p.  300. 
Hepatioae.    Scheme  of  cell-division  in  the  formation  of  the  antheridium.    Fig.  5.    II,  p.  13. 

„  Scheme  of  development  of  arch^onium.    Fig.  7.    II,  p.  15. 

He^peris  mafcronalia.    Phyllody  of  ovule.    Fig.  107.    I,  p.  183. 
Hetaranthera  roniformia.    Seedling-plant  showing  revenion.    Fig.  104.    I,  p.  173. 
Hordeom  hexaatiohum.    Half-ripe  embnro.    Fig.  383.    II,  p.  418. 
Hydmma  foetidua.    Coenobium.    Fig.  0.    I,  p.  31. 
Hymenooarpna  oiroinnatus.    Asymmetry  of  leaves.    Fig.  71.    I,  p.  I3i. 
Hymanolepia  apicata.    Young  prothallus.    Fig.  147.     II,  p.  30. 
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Hymenolepia  fpioata.    Sporophyll  itill  folded  in  tnmsrene  lection.    Fig.  333.    11,  p«  496. 

Hymanophyllaoeaa.    Formation  of  gemmae  on  prothallns.    Fig.  157.    II,  p.  si4« 

Hymanophjlliim  azillare.    Portion  of  prothallos.    Fig.  153.    II,  p.  307. 

HTmanophyllmn  fp.    Gemmae  on  prothallos.    Fig.  157.    II,  p.  314. 

HTmenophytom  flabellatom.    Habit  of  plant.     Fig.  19.    II,  p.  34. 

HymenophTtom  Phyllanthnt.    Habit  of  plant    Fig.  13.    II,  p.  a  a. 

HyoaoTamoa  alboi.    Anther  in  transverse  section  and  scheme  of  cell-layers  in  yoong  anther.    Fig. 

393.    II,  p.  599- 
Hypexiomn  aagyptiaoum,  Linn.  (H.  hetexostjrlnm,  Pari.).  Staminal  phalange.    Fig.  356.    11, 

p.  534, 
Hypericum  heterostylom,  Pari.    See  Hypericnm  aegyptiacnm. 
Hypnom  (Hylooomiom)  splendena.    Tiered  growth.    Fig.  37.    I,  p.  68. 

„  „  „  Paraphylliom.    Fig.  116.    II,  p.  147. 

„  „  „  Development  of  a  paraphylliom.    Fig.  117.    II,  p.  147. 

Indlffofera  diphylla.    Asymmetrv  of  leaves.    Fig.  71.    I,  p.  lai. 

Irla  Tariegata.    Development  of  leaf.    Fig.  an.    II,  p.  339. 

IsoetM  laoustria.    Leal-borne  shoot.    Fig.  393.    II»p.  431  • 

IsoelM  MaUnvemiana.    Germinated  microspore.    Fig.  135.    II,  p.  180. 

Jonons  lamprocarpos.    Shoot  transformed  by  attack  of  livia  joncorom.     Fig.  109.    I,  p.  196. 
Jang«rmannia  bicuspidata.  Portion  of  stem  grown  in  feeble  light    Pig.  i  ao.    I,  p.  341. 

„  „  Stem  with  sporogoniom  in  longitndinal  section.    Fig.  85.    II|  p.  99. 

Jongennanniaoeaa.    Development  of  antheridinm.    Fig.  5.    II,  p.  13. 
Jonipenu  communis.    Male  flower.    Fig.  346.    11,  p^  516. 
Juaaiauea  salioifolia.    Venation  of  sepal  and  petal.    Fig.  333.    II,  p.  343. 

Enautia  arvansis.    Anther,  yoonger  and  older,  in  transverse  section.    Fig.  393.    11,  p.  598. 

Iiagunoularia  racemota.    Pneomatophores  rising  above  the  water.    Fig.  186.    11,  p.  379. 
Iiathraea  Squamaria.    Storage-scale-leaves  in  section.    Fig.  363.    II,  p.  399. 
Iiathyrua  Aphaoa.    Seedling-plant    Fig.  76.    I,  p.  136;  Fig.  no.    I, jp.  311. 


IiatbjTus  Olymanum.    Leaf-form.    Fig.  99.    I,  p.  163. 

Iiathyrus  heterophyllus.    End  of  a  shoot  uiowing  erect  stipules.    Fi£.  339.    11,  p.  367. 

Iiathyrus  latifolius.    Node  showing  horizontal  stipoles.    Fig.  339.    II,  p.  367. 

Laguminoaae.    Uneqoally-sided  leaves.    Fig.  71.    I,  p.  I3i. 

Iiejeunia  (Oololejeunia)  Qoebelii.    Gemmae.    Fig.  45.    II,  p.  50. 

Iiojeunia  Matsgeriopais.     Habit  of  male  plant    Fig.  86.    I,  p.  146 ;  Fig.  93,    n,  p.  109. 


Iifljeunia  (Odontolajeunia)  mirabilia.    Gemmae.   Tig.  45.    II,  p.  5a 
F2g.85.    I,j        -       ■ 

laembidium  dendroideum.    Plant  with  antheridial  brancBes  and  to&er.    Fig.  39.    II,  p.  43. 


Iiejeunia  aerpyllifolia.    Grermination  of  spore.    Fig.  85.    I,  p.  146 ;  Fig.  93.    11,  p.  108. 
IifliJeunia  sp.    Pro-embryo.    Fig.  85.    I,  p.  146 ;  Fig.  93.    if,  p.  108. 

Pro-embryo  with  yoong  plant    Fig.  91.    I,  p.  149. 


Tiamna  triaulca.    Isolated  segments  of  plant.    Fig.  168.    II,  p.  336. 

Iiapioolaa  cavifolia.    Plant  with  incipient  flagella.    Fig.  38.    II,  p.  43. 

Iiaptosporangiate  Filicinaaa.    Scheme  of  development  of  archegonia.    Fig.  138.    11,0.184. 

Iiaptoaporangiata  Filicinaaa  (HomospoTOUi).  Schemes  illostratine  the  orientation  of  Uie  organs 

in  the  embryo.    Fig.  175.    II,  p.  345. 
Iiauoodandron  argantaum.    Seedling  plant.    Fig.  366.    II,  p.  403. 
liicmophora  flaballata.    Coenobiom.     Fif  .  c.    I,  p.  30. 
Iiimnophila  hatarophylla.    Apparent  leaf-whorl.    Fig.  313.    II,  p.  333. 

„  „  Water-leaves,  land-leaves,  transition-forms.    Fig.  314.    II,  p.  333. 

Iiobalia.    Syncarpous  superior  ovary  in  transverse  section.    Fig.  367.    II,  p.  563. 
Iiophocolaa  hatarophylla.    Young  embryo  entire  and  in  longitndinal  section.  Fig.  88.    II,  p.  I03. 
Iiycopodium  alpinum.    Shoot  in  transverse  section  at  different  levels.    Fig.  57.    I,  p.  105. 


Iiycopodium  annotinum.    Sporiferoos  spike  in  transverse  section.    Fig.  335.    11,0.503. 
Iiycopodium  olavatum.    Scheme  of  orientation  of  organs  in  embryo.    Fi£.  175.    II,  ] 
Wall  of  sporangiom  and  stomiom.    Fig.  373.    II,  p.  579. 


Iiycopodium  oomplanatum.    Dorsiventral  shoots.    Fig.  55.    I,  p.  103. 

„  „  Dorsiventral  shoots  in  transverse  section.    Fig.  56.    I,  p.  103. 


Showing  shoot  developed  in  darkness.    Fig.  135.    I,  p.  353. 
Shoot-axes  in  transverse  section.    Fig.  130.    I,  p.  353. 
Prothallos  in  longitodinal  section*    Fig.  143.    II,  p.  193. 


Iiycopodium  inundatuuL     Development  of  prothallos.    Fig.  140.    II,  p.  T91. 

„  „  Prothallos  with  archegonia.    Fig.  141.    II,  p.  191. 

„  „  Sporangiom  in  situ  in  longitodinal  section.    Fig.  378.    II,  p.  583. 

Iiyoopodium  Salago.    Gemma-formation.    Fig.  310.    II,  p.  468. 
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Lygodimn  japonioom.    Sporaneimn.    Fif.  389.    II«  p.  593. 

„  9  Fertile  leaflet  and  portion  of  rhizome  with  sterile  leat     Fig.  390.    11, 

P-  594- 
Iiygodimn  miorophjUum.    Fertile  leaf-lobe  with  four  sporangia.    Fig.  388.    11,  p.  593. 

MaoroBamia  Fweri.    Seedling  with  erect  air-roots.    Fig.  187.    II,  p.  aSa. 
BCammillaria.    Scheme  of  vegetative  point  with  forked  mammillae. .  Fie.  294.    II,  p.  436. 
Marathnun  utile.    Root  with  two  rows  of  adventitious  shoots.    Fig.  164.    II,  p.  337. 
Marattia  fraxinea.    Synangia.    Fig.  380.    II,  p.  586. 
Marchantia  ohenopoda.    Apex  of  thallas  from  below.    Fig.  37.    II,  p.  31. 
Marohantia  polyinorpha.    Development  of  gemmae.    Fig.  113.    I,  p.  337;  Fig.  96.    II,  p.  112. 
Anthendinm  and  spermatozoids.    Fig.  i.    II,  p.  9. 
Arche^onia.    Fig.  6.    II,  p.  14. 

Rhizoids  on  onder-snrface  of  thallas.    Fig.  38.    11,  p.  33. 
Breathing-pore  of  thallus.     Fig.  65.    II,  p.  73. 
Male  plant  with  antheridiophores.    Fig.  74.    II,  p.  85. 
Female  plant  with  arch^oniophores  and  spcrangia.    Germination  of 
spore.    Fig.  75.    II,  p.  86. 
Marchantiaoeae.    Scheme  of  thallus-symmetry  in.    Fig.  41.    I,  p.  86;  Fig.  10.    H,  p.  19. 
Manilla.    Germinated  megaspore  in  longitudinal  section.    Fig.  iii.    I,  p.  330. 
„  Germinated  microspores.    Fig.  135.    II,  p.  180. 

„  Scheme  of  sporocarp  in  transverse  section.    Fig.  338.    II,  p.  491. 

Manilla  Brownll.    Sporocarp  in  section  parallel  with  surface.    Fig.  339.    II,  p.  493. 
Manilla  polyoarpa.    Development  of  sporocarps  on  sporophyll.    Fig.  317.    11,  p*  479* 

„  „  Very  young  sporocarp  and  portion  in  transverse  section.    Fig.  339.    11, 

p.  493. 
Menyanthea  trifollata.    Ovule  in  longitudinal  section  with  embryo-sac  and  epithelium.    Fig.  410. 

II,  p.  639. 
Metigerla  ftiroata.    Apical  region  of  thallus.    Fig.  11.    n,  p.  30. 

„  „  Branching  at  apex  of  thallus.    Fig.  15.     II,  p.  33. 

Microspore.    Scheme  of  germination  in  Cycadaceae,  Abietineae,  Angiospermae.    Fig.  399.    II, 

p.  613. 
Mimosa  senaitlTa.    Asymmetric  leaflets.    Fig.  74.    I,  p.  134. 

Mninni  homum.    Plant  with  sporogonia.    Structure  of  capsule  and  peristome.    Fig.  137.    II, 
p.  161. 
„  „  Structure  of  wall  of  capsule.    Fig.  138.    II,  p.  163. 

Mnlum  undolatom.     Vegetative  shoot,  orthotropous  and  plagiotropous.    Fig.  38.    I,  p.  6^. 
„  „  Orthotropous  shoot  bearing  antheruiia  and  plagiotropous  shoots,    rig,  39. 

I,  p.  69. 
„  „  Development  of  the  archegonium.    Fig.  8.    11,  p.  16. 

„  „  Young  archegonial  group  in  transverse  section.    Fig.  118.    II,  p.  153. 

Mohria  cafEtomm.    Sporangium  seen  from  above.    Fig.  383.    II,  p.  588. 
Monoolea  dUatata.    Young  antheridium,  development  of  archegonium.    Fig.  4.    II,  p>  I3. 
Monoootyledones.    Scheme  of  young  lateral  root  in  longitudinal  section,    rig.  185.     II,  p.  374. 
Mdrkla.    Cell-row  with  mucilage-papilla.    Fig.  35.    II,  p.  30. 
MacorMuoedo.    Origin  and  germination  of  zygospore.    Fig.  139.    I,  p.  367. 
Mulgedlum  maorophyllum.    Transition  from  foliage-leaf  to  hypsophyU.    Fig.  360.    II,  p.  394* 
Muaol.    Opening  of  the  antheridium.    Fig.  3.    II,  p.  11. 

„         Oblique  segment-walls  in  rhizoid.    Fig.  09.    II,  p.  119. 
„  Segment-walls  of  protonema-threads.    Fig.  90.     II,  p.  119. 

Myoponun  aerratnin.    £mbryo-sac  in  longitu<Onal  section  widi  epithelium  and  chalazal  and 
micropylar  haustoria.    Fig.  411.    II,  p.  639. 

S'anomltiimn  tenermn.     Development  of  sporogonium.    Fig.  1 30.    II,  p.  155. 

„  „  Sporogonium  in  longitudinal  section.    Fig.  133.    II,  p.  157. 

Narolsaua  poetlone.    Bulb  in  transverse  section.    Fig.  195.    II,  p.  399. 
NephroleplB  ezaltata.    Leaf-tip.    Fi^.  305.    II,  p.  318. 

Nerlmn  Oleander.    Bud  of  a  double  flower  in  transverse  section.    Fig.  357.    II,  p.  537. 
Notothylaa  orblcnlarlB.    Sporogonium  and  thallus  with  young  archegonia  in  lon|^tudinal  section. 
Fig.  83.    II,  p.  96. 

Oenone  leptophylla.    Dorsiventral  root  in  transverse  section.    Fig.  133.    I,  p.  346. 
Oenothera  bistorta.    Seedling-plant  showing  intercalaiy  growth  of  cotyledons.     Fig.  369.     II, 

p.  405- 
Onoolea  Btruthlopterls.    Transition  betwieen  sterile  and  fertile  pinnae.    Fig.  313.    II,  p.  475. 
Opnntia  lencotrlcha.    Showing  shoots  produced  in  darkness.    Fig.  133.    I,  p.  347. 
Oryia  satlva.    Ligule  and  sickles  of  the  leaf.    Fig.  349.    II,  p.  375. 
„  „  Leaf  above  origin  of  ligule  in  transverse  section.    Fig.  350.    II,  p.  376. 
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Orymft  MHiTft;    Embi^  from  oatside.    Fig.  381.    II,  p.  417. 
Otmand*.    Antheridium.    Fig.  134.    11,  p.  179. 

Otmandftoeaa.    Scheme  of  derelopment  of  the  mntheridiam.    Fig.  135.    11, 
Onamndft  r^gftlli.    Prothallns  with  adventitioiis  shoots.    Fig.  ao.    I,  p.  49. 

„  n  Prothftllns  mider  different  conditions  of  natritioiL    Fig.  151.    ii»  p.  205. 

„  „  Unripe  sponnginm  in  transverse  section.    Fig.  38a.    II,  p.  588. 

n  »»  SporangU  showing  position  of  umnlns.    Fig.  385.    II,  p.  590. 

„  „  Cells  otamralos  in  tmnsTerse  section.    Fig.  386.    11,  p.  59a. 

Oxftlls  roMlfolla.    Leaf  and  phjllode.    Fig.  331.    II,  p.  354. 
Ozalis  sp.    Pull-roots.    Fig.  184.    II,  p.  371. 

Ozalis  stelota.    DeTel<^ment  of  syncarpoos  superior  gynaeceum.    Fig.  368.    II,  p^64. 
Oaqmiltim  pjramidat*.    Vegetatite  point  of  thallos  in  surface-section.    Fig.  35.    Il»  p.  30. 

PMslflora.    Syncarpoos  superior  OTazy  in  transverse  section.    Fie;.  367.    II,  p.  563. 
PediAstmm  grannlatnm,    Foimation  of  coenohium.    Fig.  3.    1,  p.  3<^. 
Pallia  oalyoina.    Antnmnal  propagatiye  twigs.    Fif.  43.    n,  p.  is. 

„  „  Emptied  capsule  showing  elaterophore.    Fig.  86.    11,  p.  100. 

P«lUoni*  Dar^auAna.    Shoot  with  asymmetric  leaves.    Fig.  6a.    I,  p.  109. 

„  „  Bud  in  transverse  section.    Fig.  63.    I,  p.  1 10. 

Phalaenopsia  Sam«ralda.    Root  in  transverse  section.    Fig.  188.    II,  p.  384. 
Phalaenopaia  Iinddemannlana.    Root  in  transverse  section.    Fig.  x88.    II,  p.  284. 
Phalaanosais  SohiUaxinuk    Root  in  transverse  section.    Fig.  188.    n,  p.  384. 

„  „  Roots  flattened  and  adpressed  to  bark  of  a  tree.   Fig.  189.    II^p^iSs. 

„  „  Exodermis  and  velamen  of  root  in  transverse  section.     Fl£.   190W 

II,  p.  385. 
Fhaaonm  ooq^idatiim.    Stem  in  longitudinal  section  with  antheridia  and  archegooia.     Fi^.  a. 

II,  p.  9. 
Philodendron  malaaochryflum.    Vertical  nourishing  and  horizontal  anchoring-roots.     Fig.  ipz. 


n,p.  387. 
»•    Fig. 


Phoenix  oanarianaia.    Primary  leaves.    Fig.  310.    II,  p.  337. 

Phonniiim  lenax.    Keeled  leaves  in  transverse  section.    Fig.  196.    II,  p.  300. 

Phyllanthua  mimosoidea.    Habit    Fig.  53.    I,  p.  98. 

Pbyllooaotna  phjllanthoidea.    Seedling  plant    Fig.  103.    I,  p.  169. 

PhyUocladus  alpinoa.    Young  fruit  in  londtudinal  section.    Fig.  348.    II,  p.  519. 

Pbyllody  of  the  ovule.    Tift.  107.    I,  p.  183. 

PhyUotazy.    Schemes  of.    l*ig.  33.    1}  p.  75* 

„  Fig.  34.    I,p.  75- 

»,  ^Z'lh^    I»P.  79- 

Fig.  36.    I,  p.  80. 
Fig.  37.    I,  p.  80. 

„  Fig.  38.    I,  p.  8a 

Phyaiotinm  ooohleariforme.    Valved  water-sacs.    Fig.  56.    II,  p.  63. 
Phjraiotlum  oonohaefolitun.    Shoot-bud  in  transverse  se^on.    Fig.  57.    II,  p.  63. 
Phjraiotinm  gigantetun.    Shoot  with  water-sacs.    Fig.  56.    n,  p.  63. 
Phyaiotinm  miorooarpun.    Dissected  leaf  showing  water-sac    Fig.  a8.    II,  p.  63. 
Pilogyne  auaTia.    Portion  of  shoot  with  developed  and  arrested  tendril.    Fig.  390.    U,  p.  436. 
PUoatylet  UleL    On  Astragalus,  only  its  flowers  appearing.    Fig.  163.    11,  p.  335. 
PHolairla  Vovae-HoUandiae.    Anterior  portion  ot  a  plant  with  sporocarps.   Fig.  330.   11,  p.  49a. 
Pinna  maritima.    Androgynous  flower  in  longitudinal  section.    Fig.  311.    II,  p.  471. 

>,  n  Malformed  seminiferous  scale.    Fig.  353.    11,0.534. 

Pinna  Pnmilio.    Portion  of  tangential  section  of  femfde  flower.    Fig.  351.    n,  p.  533. 
Pianm  sativum.    Asymmetric  stipules.    Fig.  75.    I,  p.  134. 

„  „  Artificial  foliation  of  tendrils.    Fig.  389.    11,0.435. 

Plagioohaama  Aitonia.    Male  plant  with  antheridUl  groups.    Tig.  36.    II,  p.  31 ;  Fig.  75.    n, 

684. 
•bit    Fig.  115.    I,  p.  334. 
Plagioohlla  ciroinalla.    Cirdnate  shoot-apex.     Fig.  59.    II,  p.  65. 
Platyoerium  grande.    Dehisced  sporangium.    Fig.  383.    II,  p.  588. 
Plooamlum  ooooineum.    Adhesive  disks.    Fig.  15.    I,  p.  40 ;  Fig.  45.    I,  p.  88. 
Podooarpua  ensifoliua.    Female  flower  in  diiterent  sti^  of  construction.    Fig.  349.    II,  p.  530. 
Polygonatum  multiflorum.    Rhizome.    Fig.  307.    if,  p.  463. 

»>  „  Rhizome  and  seedling-plant  in  relation  to  depth  in  soiL    Fig.  309. 

II,  p.  ^65. 
Polyotua  olaviger.    Shoots  with  amphigastria  and  water-sacs.    Fig.  53.    II,  p.  50. 
Polypodlaoeae.    Scheme  of  development  of  the  antheridium.    Fig.  133.    II,  p.  178. 

„  Apex  of  a  band-like  prothallus  with  <  bristle-hairs.'    Fig.  146.    II,  p.  aoi. 

Poljpodium  obliquatum.    Prothallus  from  below.    Fig.  145.    II,  p.  aoi. 

f»  „  Scheme  of  soms  in  longitudinal  section.    Fig.  334.    II,  p.  497. 
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Poljpodltiin  Bohomlnxrgkiaiitun.    Dorsiventral  stem  in  transYcrse  sectioo.    Fig.  48.    I,  p,  93. 
Polypoditiin  Tolgmre.    Leaf  with  yariation  in  degree  of  branching.    Fig.  225.    II,  p.  345. 
Polypompholyx  mnltiflda.    Yonng  OYule  in  lon|:itiidinal  section.    Fig.  416.    II,  p.  641. 

ff  ft  Older  OTole  in  longitudinal  section.   ChiJazal  and  fnnicnlar  nutritive 

tissue.    Fig.  417.    II,  p.  641. 
Poljtriahiim.    Apex  of  emptied  antheridium.    Fig.  3.    II,  p.  11. 

^  Shoot-apex  with  sunk  embiyo  in  longitudinal  section.    Fig.  119.    II,  p.  153. 

Polytribhtiin  oommnne.    Plant  with  sporogooia.    Fig.  124.    II,  p.  158. 
PoljBoniA  jangwnnaniiioidas.    Branching.    Fig.  17.    I,  p.  40. 
Poaidonlft  ap.    Embryo.    Fig.  181.    n,  p.  a6o. 
PotentilU.    Scheme  of  staminal  arrangement    Fig.  354.    II,  p.  $30. 
Potontillft  firatiooaa.    Scheme  of  stanunal  arrangement    Fig.  354.    II,  p.  530. 
Potboa  oeUtooavilia.    Juvenile  form.    Fig.  96.    I,  p.  157. 
Pothoa  flazuoana.    See  Anadendrum  medium. 
PreiaaUoommatotft.   Germination  of  spore.    Fig.  118.    I,  p.  239;  Fig.  95.    II,  p.  11 1. 

„  „         Stalk  of  archegoniophore  in  timnsrerse  section  showing  rhizoios.  Fig.  41.    11, 

,»  „  Breathing-pore  of  thallus.    Fig.  66.    II,  p.  74. 

Pnmiis  Padtia.    Development  of  bud-scales.    Fig.  258.    II,  p.  387. 
Pailotam  oomplmiatnTn.    Endofashoot  with  uillary  sporangia.    Fig.  337.    II,  p.  505. 
"Pt&rU  lomgUoUA,    Development  of  prothallus.    Fig.  150.    II,  p.  303. 
Pteria  goadriftorit*.    Leaf-pinnule  with  Witches*  broom.    Fig.  108.    I,  p.  194. 
Pteria  aermlate.    Young  leaf  in  profile  and  in  transverse  section.    Fig.  307.    II,  p.  320. 
PterobryalU  loncifirona.    Bud-scale  in  transverse  section.    Fig.  112.    II,  p.  133. 
Pyroa  Maliia.    Development  of  inferior  ovary.    Fig.  371.    II,  p.  569. 

BftdnU  Idibodenaia.    Shoot  with  archegonial  group.    Fig.  76.    II,  p.  88. 
Hftnnnonloa  multifldtia.    Water-leaf  and  land-leaf.    Fig.  128.    I,  p.  261. 
Bhinanthna  major.    Transition  from  foliage-leaf  to  hypsophjlL    Fig.  259.    II,  p.  392. 
BhlBQphora  muoronata.    Flower  in  longitudinal  section.    Fig.  363.    it,  p.  555. 
Bhododendron.    Syncarpous  superior  ovazy  in  transverse  section.    Fig.  307.    11,  p.  563. 
Biooia  floitana.    Forked  branchmg  thallus.    Fig.  12.    II,  p.  21. 

Biooia  natana.    Apex  of  thallus  which  has  forked  in  transverse  section.    Fig.  29.    11,  p.  33. 
„         „  Land-form  showing  isolation  of  branches  by  dying  off.    Fig.  42.    II,  p.  47. 

Biolla  Battandierl.  Habit  with  schemes  of  thallus-tymmetry.  Fig.  41.  I,  p.  86;  Fig.  10.  II,  p.  19. 
BioUa  Olauaonls.    Male  plant    Fig.  9.    II,  p.  19. 
Boohaa  flJoata.    Bud  in  transverse  section.    l*ig.  68.    I,  p.  117. 


Boot.    Scheme  of  young  monocotylous  lateral  root    Fig.  185.    11,  p.  274. 
Boaaoeaa.    Scheme  of  staminal  arrangements.    Fig.  354.    II,  p.  530. 
Bubua  aualralia,  var.  oiaaoidea.    Sidling  plant    Fig.  229.    II,  p.  353, 


Older  iMivrith  reduced  leaflets.    Fig.  230.    II,  p.  354. 
Bubua  idaeua.    Sdieme  of  staminal  arrangement.    Fig.  354.    II,  p.  530. 
Buaoua  aouloalua.    Shoot.    Fig.  loi.    I,  p.  166. 


SalTinla  aurioulata.  Leaf.  Fig.  226.  II,  p.  348. 
Development  of  male  protnallus. 
Germinating  megaspore  and  prothallus.    fig.  155'.    II,  p.  211. 


Salvinia  natana.    Development  of  male  prothallus.    Fig.  137.    II,  p.  182. 
Germinating  megaspore  and  prothallus.    Fig.  155.    II,  p 
Germinated  megaspore,  prothallus,  embryo  In  longitudinal  section.    Fig.  156. 


II,  p.  211, 
Boabioaa  Columbaria.    Leaves  from  different  r^ons  of  the  shoot.    Fig.  228.    11,  p.  352, 
Sdieme  of  free-development  and  ooncresoence.    Fig.  22.    I,  p.  53. 
Schemes  of  Phyllotaxy.    Fig.  33.    I,  p.  75. 

Fig.  34-    I,  p.  75. 

Fjg.35.    I.  p.  79. 

Fig.  38.    I,  p.  80. 

Fig.  37.    I,  p.  80. 
„  Fig.  38.    I.  p.  80. 

Scheme  of  thallus-symmetry  in  Marchantiaceae.    Fig.  41.    I,  p.  86 ;  ¥\g,  10.    II,  p.  19. 


Fkf.  10.    ] 
I^  p.  19. 


Scheme  of  thallus-symmetry  in  Riella.    Fig.  41.    I,  p.  86 ;  Fig.  lo. 

Scheme  of  branching  in  Thuya  ocddentalis.    Fig.  42.    I,  p.  87. 

Scheme  of  the  insertion  of  leaves  and  lateral  shoots  on  the  dorsiventral  branches  of  Tilia,  Fagus,  and 

others.    Fijr.  49.    I,  p.  93. 
Scheme  of  phyUoUxy  and  leaf-symmetry  in  Goldfusaia  glomerata.    Fig.  66,    I,  p.  112 ;  Fig.  127. 

I,  p.  254. 
Scheme  of  l€«f-arrangement  and  branching  in  Begonia  Rex.    Fig.  6q.    I,  p.  118. 
Sdieme  of  leaf-arrangement  and  branching  in  Begonia  incamata.    Vig,  70.    I,  p.  1 18. 
Scheme  of  inflorescence  of  Commelina  ooelestis.    Fig.  82.    I,  p.  129. 
Sdieme  of  oeU-divisioo  in  the  formation  of  the  antheridium  of  Uepaticae.    Fig.  5.    II,  p.  13. 
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Scheme  of  the  deyelopment  of  the  archegonitun  of  the  Hepaticae.    Fig.  7.    II,  p.  15. 

Scheme  of  development  of  antheridium  io  HomoBporons  Pteridophyta  (Aneimia,  Polypodiaoeae, 

Osmnndaceae,  Equisetun).    Fig.  133.    II,  p.  178. 
Scheme  of  derelopment  of  the  archegoniiun  in  Selaginella  spinolota.    Fig.  138.    II,  p.  184. 
Scheme  of  development  of  the  archegonixmi  in  Leptosporangiate  Filidneae.    Fig.  138.    n,  p.  184. 
Schemes  illnstratmg  the  orientation  of  the  organs  in  the  embryo  of  Homosporoos  Leptosporangiate 
Filidneae,  Botrychiom  virginiannm,  Lycopodiun  clavatnm,  Selaginella.    Fig.  175.    II,  p.  345. 
Scheme  of  yonng  lateral  root  of  a  monoootylons  plant  in  longitudinal  section.    Fig.  185.    II,  p.  374. 
Sdieme  of  embiyo  of  Carex  in  germination.    Fig.  275.    II,  p.  41a. 

Scheme  of  vegetative  point  of  Mammillaria  with  forked  mammillae.    Fig.  294.    II,  p.  436. 
Scheme  of  sporocarp  of  Marsilia  in  transverse  section.    Fig.  338.    II,  p.  491. 
Scheme  of  soms  of  rolypodinm  obliqnatnm  in  longitodinaTsection.    Fig.  334.    II,  p.  497. 
Scheme  of  staminal  arrangement  in  Kosaceae.    Fig.  354.    11,  p.  530. 
Scheme  of  staminal  arrangement  in  Rnbns  Idaens.    Fig.  354.    II,  p.  53a 
Scheme  of  staminal  arrangement  in  species  of  Potentilla.    Fig.  354.    Il,  p.  530. 
Scheme  of  staminal  arrangement  in  Potentilla  frnticosa.    Fig.  354.    II,  p.  530. 
Scheme  of  change  in  configiiration  in  a  sympetalous  corolla  of  Angiospermae  in  oonsequenoe  of 

different  distribution  ofgrowth.    Fig.  36s.    II,  p.  553. 
Scheme  of  the  development  of  the  ovaiy  in  many  Angiospermae  with  formation  of  die  sole. 

Fig.  364.    n,  p.  557. 
Scheme  of  cell-lajrers  in  yomig  anther  of  Hyoscyamns  albas.    Fig.  393.    II,  p.  599. 
Scheme  of  the  transformation  of  a  sporangiam,  say  of  Lycopomom,  into  a  sporophyll  like  that  of 

Helminthostachvs.    Fig.  396.    U,  p.  006. 
Scheme  of  germination  of  the  microspore  in  Cycadaoeae,  Abietineae,  Angiospermae.    Fig.  399. 

n,  p.  613. 
Sohistoctega  oanandaoe*.    Bilateral  construction.    Fig.  35.    I,  p.  67. 

„  „  Leaf-position.    Fig.  36.    L  p.  67. 

„  „  Plante  cultivated  in  feeble  light    Fig.  1 16.    I,  p.  335. 

„  „  Protonema.    Fig.  loi.    II,  p.  13 1. 

„  „  Social  growth  fix>m  protonema.    Fig.  108.    II,  p.  1 39. 

Bchisaea  mpeatris.    Sporophyll.    Fig.  314.    II,  p.  477. 

„  »,  Apex  of  sporophyll.    Fig.  315.    II,  p.  477. 

Boirpodendron  oostatum.    Constmction  of  spikelet.    Fig.  31.    I,  p.  51. 
Boirpoa  lacnatris.    Embryo  and  seedling  in  longitudinal  section.    Fig.  377.    II,  p.  414. 
BcixpuB  rabmersua.    Axis  of  long  shoot  in  transverse  section.    Fig.  301.    II,  p.  447. 
Boolopendriam  officinale.    Primary  leaves.    Fig.  93.    I,  p.  151. 
Beohium  edule.    Androedum.    Fig.  358.    11,  p.  539. 

Beouridaoa  Bellowiana.    Shoot  with  tendrillous  lateral  twigs.    Fig.  303.    II,  p.  455. 
Belaginella.    Germ-plant    Fig.  166.    II,  p.  339. 

„  Scheme  of  orientation  of  organs  in  embryo.     Fig.  175.    11,  p.  345. 

Belai^ella  ohrysooaulos     Sporiferous  spikes  and  sporophyll.    Fig.  339.    II,  p.  507. 

„  „  Hinge  of  sporangial  wah.    Fig.  376.    l(  p.  581. 

Selaginella  cnapidata.    Spermatozoids.    Fig.  136.    11,  p.  181. 

„  „  Transformation  of  rhizophore  into  leafy  shoot    Fig.  167.    II,  p.  33a 

Belaifinella  dentionlata.    Mature  plant  and  germ-plant    Fig.  174.    II,  p.  144. 
Selaginella  eirthropas.     Dehiscence  of  megasporangium  and  microsporangium.      Fig.   374. 

11.  p.  580. 

„  „  Wall  of  sporangium  with  hinge.    Fig.  375.    II,  p.  581. 

„  „  Empty  sporangia  illustrating  dehiscence.    Fig.  377.    II,  p.  583. 

„  „  Megasporangium  in  longitudinal  section.    Fig.  395.    II,  p.  603. 

Selafflnella  haematodes.    Dorsiventral  anisophyllous  shoot.    Fig.  60.    I,  p.  106. 

,,  „  Dorsiventral  shoot-bud  in  transverse  section.    Fig.  61.    I,  p.  107. 

Belaclnella  Martenaii.    Shoot  with  rhizophores.    Fig.  165.    II,  p.  339. 

„  „  Germinated  m^aspore,  prothallus  and  embiyos  in  longitudinal  sectioo. 

Fig.  176.    II,  p.  347. 
Selaginella  Freisaiana.    Lower  portion  of  sporiferous  spike.    Fig.  338.    II,  p.  505. 
Selaginella  sangoinolenta.    Isophyllous  shoot-apex.    rig.  58.    1,  p.  106. 

„  „  Dorsiventral  anisophyllous  shoot    Fig.  59.    I,  p.  106. 

Selai^ella  spintdosa.    Scheme  of  development  of  arch^nium.    Fig.  138.    lI,  p.  184. 

„  „  Young  sporophyll  with  primorma  of  sporangia  in  longitudinal  sectioo. 

Fig.  313.    n.  p.473. 
„  „  Young  and  old  sporangia  in  longitudinal  section.    Fig.  394.    II,  p.  601. 

SelagineUa  stolonifera.    Stages  in  germination  of  microspore.    Fig.  136.    II,  p.  181. 
Selaginella  raberosa.    Sporiferous  spike  in  transverse  section  near  apex.    Fig.  340.    II,  p.  508. 
Sequoia  aempervirena.    Cone-scale  and  ovule  in  longitudinal  section.    Fig.  348.    11,  p.  519. 
Sioydimn  graoile.    Androedum.    Fig.  358.    II,  p.  539. 
Smilax  Sarsaparilla.    End  of  shoot  with  tendrils.    Fig.  163.    II,  p.  333. 
Solidago  canadensis.    Axillary  bud  and  axillant  leaf  in  transverse  section.    Fig.  39.    I,  p.  83. 
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BpathiphyUnm  platjspatha.    Inflorescence  ooncrescent  with  spathe.    Fig.  33.    I,  p.  54. 

,,  „  Development  of  inflorescence,    r  ig.  34.    I,  p.  55. 

Sphaerooarpui  terrestria.    Derelopment  of  antheridinm.    Fig.  5.    II,  p.  13. 

,,  y,  Female  plant  with  many  perichaetia.    Fig.  73.    II,  p.  83. 

„  „  Spore-tetrads  and  spores.  Half-dereloped  sporogoninm  in  longitudinal 

section.    Fig.  84.    II,  p.  98. 
Bphagntiin  aontifolitim.     Protonema.    Fig.  103.    II,  p.  133. 

„  ^,  Sporogoninm  and  spermatozoid.    Fig.  I3i.    11,  p.  156. 

Sphagntiin  cmpidatmn.    Protonema.    Fig.  103.    II,  p.  133. 
Bphagnum  aQoarrosom.    Sporogoninm  with  psendopodinm.    Fig.  I3i.    II,  p.  156. 
Splaohnum  Intetun.    Capsnle  and  apophysis.    Mechanism  of  opening.    Fig.  1 35.    II,  p.  i  ^9. 
Sporanglwin.    Scheme  of  transformation  of  sporangium  into  sporoph^.    Fig.  396.    II,  p.  ooiS. 
Btangeria  paradoza.    Nncdlns  in  longitudinal  section.    Fig.  404.    Il,  p.  637. 
Btephanialla  paraphyllina.    Shoot  with  hypogeous  rhizoid-clad  rhizome.    Fig.  64.    II,  p.  70. 
Bteroulia  ap.    Portion  of  cotyledon  and  endosperm  in  section.    Fig.  367.    II,  p.  403. 
Bymphyogyna  Brogniartil  (Amphibiophytum  dioicnm).     Plant  with  lateral  s^mentation  of 

thallus.    Fig.  33.    II,  p.  36. 
ByxnphyogTXia  ainaata.    Sympodial  growth  of  thallns.    Fig.  16.    II,  p.  33. 
BymphyogTXia  sp.    Habit    Fig.  17.    II,  p.  34. 

„  M        Archegoniaf  gronp  in  verticid  section.    Fig.  71.    II,  p.  83. 

ByxnphTtam  officinale.    Portion  of  anther  with  microsporanginm  in  transverse  section.    Fig.  391. 

n,  p.  596. 
Byrrhopodon  reroluiaa.    Leaf-structure.    Fig.  115.    II,  p.  146. 

Taliaia  prinoeps.    End  of  shoot  with  pinnate  foliage-leaves  and  pinnate  kataphylls.    Fig.  357.   II, 

p.  385. 
TaxtLB  bacoata.    Twigs  vdth  female  flowers.    Fig.  350.    11,  p.  531. 
ThaUotnun  aqnilagiMfollmn.    Portion  of  leaf  showing  stipels.    Fig.  354.    II,  p.  380. 

„  „  Youn^  leaf  in  transverse  section.    Fig.  355.    II,  p.  380. 

Thladiantha  dubia.    Androecium.    Fig.  358.    II,  p.  539. 
Thuidium  abietiniun.    Shoot  in  transverse  section.    Fig.  113.    I,  p.  333. 

„  „  Shoot-apex  In  bud  in  transverse  section.    Fig.  109.    11,  p.  131. 

Thuidium  tamarasoinmn.    Paraphyllium.    Fig.  117.    II,  p.  147. 
Thuya  oooidentalia.    Scheme  of  branching.    F^^.  43.    I,  p.  87. 
Tllia.    Scheme  of  position  of  lateral  buds.    Fig.  49.    I,  p.  93. 
TUia  parvlfolia.    Bud  of  shoot-axis  in  transverse  section.    Fig.  30.    I,  p.  70 ;  Fig.  53.    I,  p.  96. 

„  „  Embryo  with  lobed  cotyledons  dissected  out    Fig.  370.    II,  p.  407. 

Tmeaiptezis  tnmoata.    Sterile  leaf  and  sporophyll.    Fig.  336.    II,  p.  504. 
Todea  barbara.    Cells  of  annulus  in  surface-view.    Fig.  386.    II,  p.  593. 
Toiiia  alpina.    Storage-katapbyll.    Fig.  363.    II,  p.  400. 

„  M  Storage-kataphyll  in  transverse  section.    Fig.  364.    11,  p.  400. 

,,  „  Upper  part  of  storage-kataphyll   in   transverse  section  showing   water-glands. 

Fig.  365.    II,  p.  401. 
Tradeacantia  virgixiica.    Seedling  plant  in  three  stages.    Fig.  373.    II,  p.  410. 
Treubia  insignia.    Young  plant.    Fig.  35.    II,  p.  39. 

„  „  Plant  with  sporogonium.    Fig.  36.    II,  p.  40. 

Triohocolea  ploma.    Fertile  shoot  in  longitudinal  section,  showing  sunk  embryo.    Fig.  77.    II, 

p.  89. 
Trichomanaa.     Formation  of  prothallus.    Fig.  154.    11,  p.  309. 
Triohoinanea  diiltianm.    Young  filamentous  prothallus.    Fig.  154.    II,  p.  309. 
Trichomanaa  Qoebelianom.    Rootless  plant.    Fig.  183.    11,  p.  364. 

Trichomanea  rigidnm.    Portion  of  filamentous  prothallus  with  archegoniophores.    Fig.  154.    II, 
p.  309. 
n  9,  Gemma  on  prothallus.    Fig.  157.     11,  p.  314. 

Trichomanea  ainuoamn.    Prothalli  with  archegoniophores.    Fig.  154.    II,  p.  309. 
Trichomanea  tenemm.    Sorus.    Fig.  383.    II,  p.  589. 

„  „  Sporangia  attached  to  placenta.    Fi£.  384.    II,  p.  589. 

Triohomanaa  venoaum.    Gemma  of  prothallus.    Fig.  157.     II;  p.  314. 
Triticum.    Base  of  grain  in  median  longitudinal  section.    Fig.  378.    II,  p.  416. 
TroUiua  anropaeaa.    Transition  from  hypsophyll  to  flower-envelope.    Fig.  ^00.    11,  p.  550. 
Typha  Bhnttleworthii.    Cell-division  in  pollen- tetrads.    Fig.  403.    11,  p.  636. 

Uloihrix  lonata.    Anchoring-organ.    Fig.  7.    I,  p.  33. 

Ulya  laotnoa.    Germ-plant  with  anchoring-organ.     Fie.  8.    I,  p.  33. 

XTmbilioua  pendnlinua.    Foliage-leaves  and  hypsoph^ls.    Fig.  3 16.    II,  p.  336. 

Utrionlaria  afflnia.    Stolon-formation  from  leaf.    Fig.  171.    u,  p.  339. 

Ulrionlaria  ooemlaa.    Flowering-plant  with  leafy  stolon  and  leaf-roots.    Fig.  171.    II,  p.  339. 
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Utrloularift  HookerL    Flowering-plant  with  hypogeous  puts  spread  <mt.    Fi£.  170.    II,  p.  938. 
Utrionlaila  inflat*.    Ovole  in  Tooptudinal  8(K:tion.     Chalazal  and  fanicJar  nntritive  tiasne. 

Fig.  414.    II,p.64i. 
Utrioalarift  iteUariA.    Ovule  in  lon^todinal  section.     Gulazal  and  fdnicnlar  nntritiTe  tiasiie. 
Fig.  415.    II,  p.  641. 

Vaooinimii  ICjrUllaa.    Bud  in  transverse  section.    Fig.  50.    1}  p.  94;  Fig.  51.    I,  p.  95. 

ValerlaiiA  Phu.    Development  of  inferior  ovary.    Fig.  37a.    II,  p.  570. 

Vallianerla  (Lagaroaiphon)  altamifollA.    Apex  ofyoang  inflorescence  in  longitodinal 

Fig.  18.    I,  p.  41. 
Varonioa  lyoopodioidea.    Shoot  with  reversion-leaves.    Fig.  106.    I,  p.  173. 
Viburnum  Opoloa.    Base  of  a  leaf-pair  showing  stipules  and  petiolar  glands.   Fig.  238.  II,  p.  363. 
Viola  Oraoca.    Shoot-bad  in  transverse  section.    Fig.  78.    I,  p.  126 ;  Fig.  83.    I,  p.  135. 

„  „         Shoot  with  axillary  bod  in  transvene  section.    Fig.  79.    I,  d.  136. 

Viola  7aba.    Primarv  leaves,  stages  of  transformation.    Fig.  94.    I,  p.  150.  • 
Violoria  retl*>    Seedling  plant    Fig.  loa    I,  p.  165. 
Vitia  oinarea.    Development  of  tendrils.    Fig.  S93.    11,  p.  435. 
Vitls  Yulpina.    Development  of  tendrils.    Fig.  393.    II,  p.  435. 
Vittaria.    ProthaUos.    Fig.  15a.    II,  p.  206. 
Volrox  aureui.    Coenobinm.    Fig.  4.    I,  p.  a8. 
Voyria  aauraa.    Development  of  ovale.    F^.  401.    II,  p.  619. 

Weddalina  tquamulosa.    Root,  adventitioas  shoot,  haptera.    Fig.  161.    II,  333. 
Walwltsohia  mirabilis.    Male  flower  from  which  flower-envelope  has  been  removed.    Fig.  353. 

II,  p.  536. 
Wheat.    Base  of  grain  in  median  loogitadinal  section.    Fig.  278.    II,  p.  415. 

ZaaihochTmui  pictorius.     Embryo  and  seedling.    Fig.  179.    II,  p.  358. 

Xanthoaonxa  balophyllmn.    Venation.    Secondaij  growth  in  leaf-stalk.    Fig.  aai.    11,  p.  341. 

Xerolaa  longifoUa.    Leaf  in  transverse  section.    Fig.  196.    II,  p.  300. 

Zanonia  maorooarpa.    Axillary  tendrils.    Fig.  aoi.    II,  p.  437. 
Zea  Maia.    Seedling  plant    Fig.  379.    II,  p.  41^ 

„       „        Seedling  plant  in  transverse  section.    Fig.  380.    II,  p.  416. 
Ziiania  aquatioa.    Embryo  from  oatside  and  in  section.    Fig.  381.    11,  p.  417. 
Zoopsia  azigentea.    Portions  of  a  yoang  and  older  plant    Fig.  97.    II,  p.  114. 
Zoafeera  marina.    Construction  of  embryo.    Fig.  183.    II,  p.  361. 
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Abies,  anisophylly,  lateral  i  io8 ; 
archegonimn  ii  629 ;  arrest  of 
organs  and  light  i  232 ;  leaf- 
insertion  i  94 ;  pollen-sacy 
lateral  ii  516,  opening  ii  610 ; 
shoot,  correlation  and  direction 
i  2i4,sabstitution  of  lateral  for 
lost  terminal  i  50. 

A,  canadensis,  anisophylly  and 
light  i  355. 

A,  pccHnata,  anisophylly  and 
light  i  350;  flower,  female, 
development  ii  522;  leaf-apex, 

{>recedence  in  ^wth  ii  309  ; 
eaf,  insertion  1  04;  pollina- 
'  tion  ii  522 ;  shoot,  dorsi- 
ventral  lateral  i  94. 

Abietiiieaa,  anamorphose  and 
flower  ii  524;  bract-scale  ii 
521 ;  flower,  female  ii  521, 
morphology  ii  524;  megaspo- 
jocyte  ii  028  ;  ovule,  ahatro- 
pous  it  524,  integumentary 
wing  ii  628,  nnitegminous  U 
617 ;  pollen-grain,germination 
ii  612 ;  pollen-sac  Ii  51^;  seed, 
protection  of  ripening  li  523  ; 
seminiferous  sode  ii  518,  521. 

Abnormality*  meaning  i  177. 
See  also  Malformation. 

Abortion,  meaning  i  56.  See 
also  ArrMt. 

Absorption  of  water,  by  leaf 
of  Pinguiada  ii  349 ;  by  leaf 
and  leaflet  of  Reridophyta  ii 
347,  349;  byMusdii  142. 

AbsorptlTe  organs  of  ^Upha- 
niella  ii  70. 

Acacia,  alternation  of  phyllo- 
dium  and  foliage-leaf  li  357  ; 
development,  heteroblastic  i 
144 ;  juvenile  form  i  166,  167 ; 
phyllodinm  ii  355,  independent 
of  environment  ii  357,  profile- 
position  ii  293;  reversion- 
shoot  i  172  ;  xerophilous  adap- 
tation i  165. 

A,  alata^  calamifolia,ftoribunda, 
juncifolia,  juniperina,  scirpi- 
folia,  tereiifolia,  uncinata  ii 

A.  heUrophylla  i  167,  ii  357. 

A,  lacerans,  velutina,  shoot- 
tendril  ii  456. 

A,  lophantha,  reduction  of  pin- 
nule i  155,  ii  381. 

A.  melanoxylon  ii  356,  357. 

A,  yerticiilata,  ItaS,  division  of 


labour  ii  357 ;  phyllodium  ii 
356,  apparently  whorledii  372 ; 
reversion  to  juvenile  form  i  1 72. 

Aoanthaoeae,  anisophylly,  ha- 
bitual i  112. 

Acanthorhita  aculeaia,  root, 
transformation  i  12;  thorn-root 
ii  288. 

Acoassory,  axillary  bud  ii  434  ; 
cotyledonary  bua  of  Juglans 
r<5fw  ii  434 ;  shoot  ii  433. 

Acer,  flower-1^,  terminal  ii  541 ; 
ovary,  syncarpous  ii  562  ;  pla- 
centatioo,  septal  ii  563. 

A.  camfestre,  anisophylly,  lateral 

A.  obtuscUum,  anisophylly  and 
light  i  255. 

A.  fUUanotdes,  anisophylly  and 
light  i  254,  lateral  1 108 ;  leaf, 
branching  ii  330,  development 
ii  305,  transformatioo  i  6, 
venation  ii  342. 

A.  PsettdoplcUanus,  anisophylly, 
lateral  i  108;  flower^bud  ii 
541 ;  kataphyll  ii  386. 

A.  striatum,  inheritance  of 
variegation  i  184. 

Ackimenes,  leaf,  asymmetry  i 
120;  Inf-cutting,  age-varia- 
tion i  47. 

A.  granaiflora,  peloria  i  189. 

A.  Haageana,  leaf,  asymmetry 
i  120. 

Achncutthes,  fixed  colony  i  29. 

Aconitunty  carpel,  number  ii  538 ; 
ovule,  bitegminous  ii  617. 

A,  Anthora,  cotyledon,  assimi- 
lating ii  402. 

A,  Napellus,  embryo-sac  ii  636. 

Acorus,  dorsiventrality  i  90. 

A,  Calamus,  bilateral  leaf,  profile 
position  ii  294. 

Aootylons  embryo  ii  280. 

Aorandrous  Musd,  primitive 
character  ii  149. 

Acraaieaa,    spore-formiition    i 

Acrobolbus,  related  to  Alicularia 
ii  90. 

Aorooarpoos  Musd,  primitive 
character  ii  149. 

Aorogamoui,  entrance  of 
pollen-tube  into  ovule  ii  615 ; 
pollen- tube  ii  613. 

Aorogamj  in  Cynonwrium  ii 
615. 

Acrogenoos  branching  ii  432. 

Acrogynooa  Hepaticae,  ani- 
sophylly i  loi;  leaf  ii  40; 


sexual  organs,  protection  ii 
88 ;  shoot  li  4a 

Aoropetal  leaf-branching  of 
Dicotyledones  ii  330. 

Aorosticheae,  leaf-structure  and 
environment  ii  347 ;  leaf,  ad- 
pressed  ii  335;  sporangium, 
protection  ii  496. 

Acrostichum  Blumeanum,  sporo- 
phyll  and  external  fiictors  ii 


pHyU 
498. 


A,  peltatum,    germination    in- 

trasporangial  li  a02;  sporo- 

phyll  ii  486. 
A,  scandens,  stem,  flattening  i  92. 
Active  cells  of  sporangial  wall 

ii577,  600,  610^611. 
Adaptation,     anisophylly      a 

character  of  i  09. 
AdinostyUs  albtjrms,  auricle  ii 

361. 
Adhesion  of  bract  and  shoot  ii 

438. 

Adheaira  disk,  and  contact  in 
Plocamium  i  40,  269;  on 
tendril  i  268,  ii  224. 

Adiantum,  leaf-form,  biological 
significance  ii  346. 

A*  Edgewortki,  flagellum  ii  241 ; 
leaf,  branching  li  316  ;  1<^- 
bome  shoot  ii  241 ;  transfor- 
mation of  leaf  into  shoot  ii 
241. 

A,  reniforme,  leaf-form,  bio- 
logical significance  ii  346. 

A,  trapetifirme,  leaf,  develop- 
ment ii  317. 

Adlumia  arrhosa,  tendril  ii 
422;  transition  from  leaf  to 
tendril  i  161. 

Adnata  stipule  ii  359. 

Adonis  aestivalis,  cotyledon, 
persistent  ii  403. 

Adoxa,  chorisis    of  stamen    ii 

535- 

A,  MoschaielliMa,  habit  ii  68; 
light  and  leaf-formation  i  256. 

Adpressed  leaf  ii  335. 

Adtilt,  features  i  174;  leaf, 
arrested  i  167. 

Adrantitions.  definition  i  42 ; 
embryo  ii  624,  from  nncellar 
tissue  ii  637  ;  lea^  non-existent 
ii  305 ;  pinnule  in  HemiteHa 
capensis  ii  347;  root  ii  26^ 
274;  shoot  i  17,  42,  46,  li 
232,  276,  of  protballns  ii 
213,  phyllotaxy  i  83. 

Aecidium  ilatinum  and  witches' 
broom  i  192. 
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AegiceraSf  yMparotis  embryo  ii 
356. 

Aaration-ctrUs  on  root  of 
Orchideae  ii  285. 

Atrides  puHllum,  protooorm  ii 
23a. 

AiHopsis  javanica^  nest-root  ii 
283. 

Aorophiloos  shoot  ii  463. 

Atchynonufu  indica^  ttipnlar 
appendage  ii  366. 

Aescu/us,  anisophylly,  lateral  i 
108;  flower,  oblique  symmetry 
ii28. 

A,  ffippocastoKumy  anisophylly 
determined  in  bod  i  251 ; 
archesporinm,  pluricellnlar  ii 
633  ;  kaUphyll  U  388  ;  leaf, 
d^tate  and  pinnate  ii  332 ; 
leaflet,  asymmetry  i  122,  mi- 
eqnally-sized  i  128 ;  root,  cap- 
len  ii  267. 

Aguricus  campestris,  growth  in 
darkness  i  357. 

Agavt,  cotyledon,  epigeons  ii 
409. 

A,  amerkana^  root,  shortening 
ii  270. 

Aggregate  species,  Marsilia 
polycarpa  ii  479. 

Agrimcnia^  calycine  hook  ii 
542 ;  flower,  arrangement  of 
parts  ii  539 ;  stipule,  asym- 
metry  i  125. 

A.  Eupaioria^  flower,  arrange- 
ment of  parts  ii  53a 

Aiianthus,  adventitious  shoot 
ii  277;  carpel  and  oTole, 
development  ii  561. 

A.gkmdulosa,  leaf-apex,  prece- 
dence in  growth  ii  310. 

Air-oavitiea  in  Hepaticae  ii  71. 

Air»la7«r  of  dead  leaves  in 
Bryum  argetUtum  ii  75. 

Air-moisture,  influence  npon 
organs  i  260. 

Air-root,  function  ii  280 ;  geo- 
tropic  ii  283 ;  and  light  ii 
285 ;  of  Podostemaceae  i  246 ; 
velamen  ii  283. 

Ajuga  rtptanSy  plagiotropons 
shoot  ii  457, 460. 

Alchemilla,  basigamy  ii  615; 
ovule,  development  ii  633 ; 
parthenogenesis  ii  624  ;  pollen- 
tube,  none  ii  624. 

A.  alpina^  pubescensy  ovule, 
development  ii  632. 

A*  arvensisy  aporogamy  ii  615; 
pollen-tube  formed  in  par- 
thenogoiesis  ii  624. 

A.  galundesy  leaf-whorl,  con- 
struction ii  371 ;  stipule,  con- 
crescent  ii  371. 

A,  nivalu,  lesS,    branching  ii 

333. 
Aldrovanday  rootless  ii  265. 
Algae,    development,     hetero- 1 


blastic  i  144 ;  germ-plant  and 
light  i  238 ;  malformation, 
experimental  i  188;  pro-em* 
bryo  i  1^8,  independent  pro- 
pagation! 149  ;  polar  differen- 
tiation i  229 ;  shoot  and  light 
i  256;  thallns  and  gravity  i 
224. 

Aiicuiariay  germ-plant  and  light 
i  240 ;  related  to  AcroUSus 
ii  90;  spore,  germination  ii 
no.    • 

Alisma  Planiago^  d^donblement 

ii  533- 

Alismaoeae,  cotyledon,  differen- 
tiation ii  408 ;  jnveodle  form 
1164. 

AlUaria  officinalis,  phyllody  of 
flower  i  181. 

Ailium,  bulbil  ii  460 ;  cotyledon, 
epigeous  ii  409 ;  leaf,  mdial  ii 

338. 

A.  CtpGy  root-hair,  suppressed 
in  water  ii  269. 

A,  ursinuniy  lea(  inversion  ii 
296 ;  root,  shortening  ii  270. 

AlloparMitiam  ii  639. 

AUosoruSy  sporangium,  develop- 
ment and  displacement  ii  495. 

^.  crispusy  leaf,  branching  ii 
316 ;  sporophyll  ii  486. 

Alrmsy  kataphyll,  ^pular  ii 
385 ;  ovule,  formed  through 
stimulus  of  pollen-tube  i  269. 

A,  viridiSy  shoot,  dorsiventral 
lateral  i  96 ;  phyllotaxy,  varia- 
tion i  96. 

Aloe,  i^yllotaxy  ii  442. 

Alopecurus  prattnsis,    ligule  ii 

377- 

Alpinia  nutanSy  cotyledon,  two- 
lobed  ii  411 ;  ligule  ii  377. 

Abopkila  ttustroMsy  prothallus, 
reversion  ii  202. 

A.  LeichardHanay  sporangium, 
annulus  and  opening  ii  5^0. 

Alstroemeriay  leaf,  inversion  ii 
296. 

A.  psiitacinay  leaf-stalk  ii  300. 

Alternation  of  gametophyte 
and  sporophyte  ii  171. 

Althaeay  pollen-sac,  reduction 
of  number  ii  554. 

Amarjllldeae,  ovule,  ategminy 
ii  618,  bitegminy  ii  618 ;  root, 
shortoiing  ii  270. 

AtnarylUs  Belladormay  ovule, 
unitegminy  ii  618. 

Ameristic,  male  prothallus,  of 
Pteridophyta  ii  220;  pro- 
thallus of  Equisetum  ii  197. 

Ametabolons  Ec^uiseta  ii  502. 

Amicia  ZygomertSy  hypsophyll, 
stipular  ii  394;  stipule,  pro- 
tective ii  363. 

Amorphay  tomching,  axillary  ii 

433- 
Ampelideae,    shoot-tendril    ii 


435,   and   contact-ctinralus  i 

268. 
Ampelopsis^    cotyledon    i  145: 

disk,  adhesive,    on  tendril  i 

268,  ii  224. 
A,  heiUraceayquinquifolia^  Veii- 

chit  i.  268. 
Amphibiopkytum  diotcum,  thal- 
lns ii  36. 
Amphlbioos   plants,  organs  i 

360. 
Amphlgaatriom,  of  B/asia  ii 

20 ;  oi  Jungermofmia  bicuspi- 

ctata  ii  41 ;  origin  i  loi. 
Amphitheciiim,ofmoss-ciqpsule 

ii  155 ;  peristome  derived  from 

ii  162. 
Amplexioatil    state,   origin  ii 

306. 
Amygdaleaa,    transition  from 

foliage-shoot  to  thorn  ii  452. 
Amabaema,  in  leaf  of  AMoUa  u 

348  ;  in  root  of  Cycadaoeae  ii 

282. 
Anaorogynons    foliose  Hepa- 
ticae, leaf  ii  38 ;  shoot  it  38. 
Anadendrum  margimUtimy  man- 

tanumy  juvenile  form  absent 

ii59- 
A.  tnecUumy  adult  form  of  Fotkos 
Jtextiosus  i  158 ;  perforated  leaf 

ii3»5- 

Analogooa  oigansalike  in  adap- 
tation i  19. 

Analogy  anid  homology  i  5. 

Anamorphoae  in  flower  of 
Abietineae  ii  524. 

Anatomic,  construction  of  leaf 
ii  292,  486;  method  in 
flower-morphology  ii  545 ; 
structure,  and  water  in  Hepa- 
ticae ii  71 ;  of  homologous 
organs  differs  i  14. 

Anatropoui  ovule  ii  631 ;  in- 
teguments, development  ii  617; 
significance   in    Conifeme  ii 

534- 

Anchoring-disk,  1  40,  150, 
268,  ii  45,  224. 

Anohoring-organ,  and  contad^ 
stimuli  i  269;  of  Aneura,  ii 
26;  of  Podostemaceae  ii  222, 
365,  281 ;  of  Utricularianeot- 
tioides  ii  239. 

Anohoring-root  ii  286 ;  and 
nourishing-root,  transidon  ii 
288  ;  unl^anched  ii  274. 

Andrecuay  archesporium  U  156; 
leaf,  apical  segmentation  ii 
132;  pro-emb^o  ii  122; 
pseudopodium  ii  161 ;  sporo- 
gonium,  opening  ii  i6o. 

A.petropkUay  capwde,dchiscfnce 
U  160. 

A,  rupestris,  leaf  ii  131. 

Androcryphiay  leaf  ii  38 ;  muci- 
lage-papilla ii  38. 

Androeoiam,  of  Angiospermae 
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ii  535.  539.  553;  o^  Cncnrbi- 
taceae  ii  539 ;  origin  in  Sahna 
i6o. 
Androsynotw  cone  of  JHmu 

ii5a4- 

Anarasace  sartmntasa,  snoot, 
plaffiotropons  ii  458 ;  ttonge- 
leaf  ii  398. 

j4,  viHosOf  pUcentation  ii  567. 

Anetmia,  antheridixim,  develop- 
ment ii  I79i  opening  of  free  ii 
177;  spoxangixun,  annnlos  ii 


591,  position  ii  494;  sporo- 
pnyll  ii  486,  and  wind-distri- 
bntion  of  spores,  ii  474,  de- 


yelopment  ii  478. 
A.JraxinifoUumy  sporangiom  ii 

588. 
A.  rotundifolia,  transfonnation 

of  leaf  into  shoot  ii  241. 
A.    tomentosa^    sporophyll  and 

sporanginm  ii  59a, 
Anemone^    embryo,     aootylons 

retarded  ii  250;  germination 

ii  253 ;  involucre  ii  550 ;  ovnle, 

position  in  ovary  ii  560. 
A.  HepatUa  ii  250,  550;  flower, 

malformed  i  177. 
A.  nemorosa  ii  250,  55a 
A,  Pulsatilla^  stamizial  nectary 

ii650. 
A,    ranuncuhideSy    trifolia   ii 

250. 
Anemoneae,     flower-envelope, 

evolntion  ii  549 ;  ovale,  anest 

i59. 
Anemophilons,  flower  of  Mo- 
nocotyledones  ii  547  ;  plants, 
dorsiventral    inflorescence    i 

134. 

Aneura^  anchonng-organ  ii  26 ; 
apical  cell  ii  21  ;  branching 
ii  21,  26;  embryo,  nntrition 
ii  105 ;  gemma-cell  ii  49 ; 
mncilage-papilla  ii  28 ;  spore, 
ejection  ii  loi,  germination  ii 
108 ;  sporogoninm,  develop- 
ment ii  103,  with  elatero- 
phore  ii  loi ;  sexual  organs, 
disposition  and  protection  ii 
81  ;  stolon  ii  25 ;  thallus, 
development  ii  314^  winged  ii 
20. 

A,  hogatensisy  thallus  ii  25. 

A,  endiviaefolia,  adventitious 
shoot  ii  56;  retention  of 
water  ii  33,  53* 

A»  {Pseudaneura)  eriocaulisy  an- 
theridial  shoot  ii  81 ;  division 
of  labour  in  ii  26. 

A,  fucoides^  shoot  ii  26  ;  an- 
choring-organ  ii  27. 

A,  fiugienstSy   lamella   ii    54, 

57. 
A,  hymenophylloides,  chief  axis 
and  'lateral  axes  ii  26 ;  reten- 
tion of  water  ii  54 ;  shoot  ii 

55- 


A.palmata,  capsule^  sterilizatian 
il  103. 

A.  pinguisy  capsule  ii  loi. 

Angelica  sylvestrisy  bract,  sup- 
pression i  59 ;  gynaeceum,  in- 
ferior ii  ^^. 

AngiopteriSy  leaf,  development  ii 
315  ;  leaf-«talk  ii  314;  spo- 
rangium ii  585 ;  sorus  ii  586. 

A,  evecta^  sorus  and  sporangium 

ii  587. 

Anclospennae,  androecium  li 
553 ;  antipodal  cells  ii  636 ; 
aporoeamy  ii  615;  archespo- 
rium  Ti  5^,  60T,  plurioellular 
ii  633,  umcellular  11632;  basi- 
gamy  ii  614;  carpel  ii  527, 
sole  ii  557;  chalazogamy  ii 
615 ;  corolla,  development  of 
sympetalous  ii  553 ;  dislocator- 
cell  suppressed  ii  614;  ^gg, 
development  of  fertilized  ii 
^4^»  egg-apparatus  ii  636; 
embryo-sac,  intrasporangial 
germination  ii  623,  segmenta- 
tion of  nucleus  ii  635,  signifi- 
cance of  contents  ii  636 ;  en- 
dosperm, significance  ii  636; 
endothecium  ii  611 ;  flag- 
apparatus  ii  528 ;  fertilization, 
double  ii  624 ;  flower  ii  527, 
and  v^etative  shoot,  differ- 
ence ii  528,  arrangement  of 
parts  ii  528,  dorsiventrality  ii 
542,  doable  ii  536,  envelopes 
ii  548,  relative  size  of  parts 
ii  529;  gynaeceum  ii  555, 
reduction  ii  622,  suppres- 
sion in  construction  ii  557; 
hyponasty  i  85  ;  leaf,  auricle 
ii  361 ;  microsporophyll,  uni- 
formity ii  553;  ovule  ii 
527,  614,  631,  development 
after  pollination  ii  623,  hau- 
storinm  ii  638,  reduction  ii 
622;  parthenogenesis  ii  624; 
placentation,  ii  562 ;  pollen- 
grain  ii  527,  611,  germination 
ii  612  ;  pollen-sac  ii  553, 610, 
archesporium  and  tapetum  ii 
599,  arrest  and  reduction  ii 
554  \  poUen-tube,  basigamous 
u  014,  function  ii  614  ;  poro- 
gamy  ii  615;  pro-embiyo  ii 
042;  prothallu8,female  11636; 
sporangium,  active  cells  in 
wall  ii  577,  6x0,  611 ;  sporo- 
phyll ii  ^27 ;  stamen  ii  527, 
filament  ii  529,  transformation 
ii  55,5 ;  stigma  ii  5  2  7 ;  suspensor 
and  its  function  ii  642 ;  syner- 
gidae  ii  637. 

Angraecum  fascioloy  air^root, 
dorsiventral  i  246;  root,  as- 
similating ii  286. 

Animal,  lodgers  in  Hepaticae 
ii  64;  spore-distribution  in 
Splachnaceae  ii  164. 

UU 


AniaophyUy,  adaptative  char- 
acter in  plagiotropous  shoot 
i  99;  cause  i  113 ;  determined 
in  bud  i  251;  and  external 
fitictors  i  106,  255 ;  of  flower 
of  Sela^elleae  ii  506;  and 
gravity  1  226;  habitual  i  107- 
13 ;  Herbert  Spencer  on  i  99; 
history  i  99 ;  and  internal  sym- 
metry i  254;  inversion,  arti- 
ficial i  255;  of  Hepaticae  i 
loi ;  of  Mnsd  i  100 ;  of  Pteri- 
dophyta  i  102,  ii  506;  of 
Spermophyta  i  107;  lateral  i 
108;  and  light  i  350,  353; 
meaning  of  i  99 ;  reUrdation, 
i  107 ;  Wiesner  on  i  xoo. 

Annnal  plant,  early  flowering 
of  well-nourUhed  i  313;  in 
Pteridophyta  rare  ii  441;  in 
Spermophyta,  shoot  ii  440. 

Annolna,  function  in  Mnsd  ii 
160 ;  lie  in  Filicineae  ii  594 ; 
oiEquisetum  ii  500 ;  of  I^- 
dneae  ii  587 ;  rudimentary  ii 

595- 

Anogramme^  prothallus  ii  305. 

A,  ckaerophyilay  UptophyllOy  an- 
nual ii  441 ;  annual  sporophyte 
ii  217;  archegoniophore  ii 
216;  prothallus,  tubers  ii  217, 
water  •  relationships  ii  315, 
water-storing  tuber  ii  316. 

A,  lepiophylla,  sporophyll,  time 
of  appearance  li  498. 

Anomaly,  Moquin-Tandon's  de- 
finition i  178. 

Anomocladay  branch  in  relation 
to  leaf  ii  44. 

A,  mucosa^  mndlage-organ  ii 
38. 

Anonaceae,  flower,  arrangement 
of  parts  ii  531 ;  d^doublement, 

ii  533- 

Antagonism,  of  reproductive 
organs  and  vegetative  growth 
i  143,  212,  ii  212,  605;  of 
sexual  and  vegetative  propaga- 
tion i  45,  213,  ii  51,  215, 
469. 

AfUennaria  alpina,  partheno- 
genesis ii  634. 

Anther  ii  553. 

Antheridial  groups  of  Musd 
ii  X51. 

Anthexidiophore  of  Hepaticae 
U84. 

Antheridinm,  of  Angiospermae 
ii  614;  of  Cycadaceae  ii  613  ; 
development  in  Hepaticaeii  1 3, 
in  Musd  U  X3,  in  Pteridoph^ 
ii  177;  embedded  ii  174 ;  »'ee 
ii  84,  177;  homology  i  i;^; 
opening  in  Hepaticae  li  10,  in 
Musd  ii  II,  in  Pteridophyta 
ii  174;  origin  varied  in  Musd 
i  18 ;  position  in  Hepaticae  ii 
80,  in  Musd  ii  149;  structure 
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and  position  in  BiyophyU  ii  9, 
in  Pteridophyta  ii  173. 
AnihoctroSf  andieridiiim  i  17,  ii 
186,    chromoplasts    ii     10 ; 
apical  angle   ii   ai ;    arche- 

rnimn  ii  186;  aidietporinm 
6c6;  elater  ii  95;  genn- 
plant  and  light  i  240 ; 
kinship  with  Pteridophyta  ii 
186 ;  leaf  ii  35 ;  spore,  ger- 
mination ii  107 ;  sporogoniom, 
chlorophylloQsii  losyderelop- 
ment  ii  104^  pit  anmnd,  ii  90, 
sterilization  ii  105,  stractnre  ii 
9^;  symbiosis  witli  Nostoc  ii 
78;  water-xetention  ii  56; 
water-storage  ii  76. 

A,  arochncideus^  water-retention 
by  ridges  ii  56. 

A,  argmtinui^  dickotomus,  tnber 

A.  JtmMa/us,  leaf-like  appen- 
dages ii  35;  thallus  ii  aa; 
water-retention  by  fringe  ii  $6, 

A,  gigantnu  mtM/idus,  dentin 
culatus^  Vinantianus,  elater 
spirally  thickened  ii  95. 

A,  gianduiosus,  gemma  ii  50 ; 
mndlage-pit  ii  76. 

A,  loivis,  germ-tube  suppressed 
ii  IIS ;  sporogoniam  li  94. 

A,  punctaiusy  sporogoniom  ii  94 ; 
water-pit  ii  56. 

A.  iubervsust  tnber  ii  66. 

Anfhooerotoaa,  antheridinm, 
development  ii  13 ;  arche- 
gonium  ii  14,  development 
li  16 ;  oil-bodies,  absent  ii  79; 
old  group  ii  96 ;  macilage-Jlit 
U  27 ;  water-retention  ii  56. 

Anihriscus  syhestris^  leaf-apex, 
precedence  in  |;rowth  ii  310. 

Antkitrium  digUatum^  d^tate 
leaf  by  brandling  ii  325. 

A,  HugilU^  nest-root  ii  383. 

A,  Un^folium,  transforination 
of  root  into  shoot  ii  2^7. 

Anthyllis  tetraphylla^  growth, 
plagiotropons  ii  459 ;  Imf,  nni- 
laterally  pinnate  i  lai,  ii 
480 ;  leaflet,  asymmetnr  i  lai. 

Antipodal  cells  ti  636 ;  fertiliza- 
tion-effect ii  637. 

Antirrhinum  mt^us^  colour  of 
flower  in  light  ii  551. 

Aniithatnnion  cruciatum^  di- 
rective influence  of  light  on 
branching  i  237. 

A,  Plumu^y  branchhig  of  shoot, 
i  89.  337. 

Antitropio  leaves  oiRocheafai- 
cata  i  116. 

AntrophyuM  cayetm^nse,  felt  of 
root-hairs  ii  283. 

Apandrons  prothallns  ii  220. 

Apex  of  root  ii  266. 

Apkis  canses  phyllody  in  Arabis 
1194. 


AphlabiA  of  Gleicheniaceae  ii 
318. 

Apioal  cell,  of  Hepaticae  ii  ai ; 
ofMusdii  131,  138. 

Apioal  closure  of  bod  ii  309. 

Apical  growth,  of  cotyledonary 
lobes  of  Myristica  Jrofrans 
ii  ^7;  of  Hepaticae  ii  20; 
of  leaf,  of  Gymnospermae  ii 
333;  of  leaf  of  Filices  ii  317, 
periodic  ii  318,  with  drdnate 
ptTxb  ii  320;  of  leaf  of 
Filicineae  ii  310, 313 ;  of  leaf 
of  Lygodieae,  prolonged  ii  31 9 ; 
of  lou  of  Spermophyta  ii  310. 

ApioeytiSy  colony  i  39. 

ApocMurpona  gynaecenm  ii  558. 

ApooTnaoeae,     seaicher-dioot 

Apodial  flower  of  Lycopodineae 

ii5io- 
Apogamy,  with  apospory  ii  609 ; 

of  Pteridophvta  ii  187,  aao; 

shoot  formed  in,  and  light  i 

339. 
Apophysla  of  Mnsci  ii  158. 
Aporogamy  ii  615. 
Aposeris  foitida,  dievdopment  of 

leaf-stalk  and  light  ii  301. 
Apoaporona  fern  bnddhig  i  46. 
Apoaporj  ii  607;    with  apo- 

gamy  ii  609. 
Apotropooa  ovule  ii  631. 
AqnatiOy   Bryophyta,  sporogo- 

nimn  ii  575  ;  leaf  of  Sahnma 

ii  348  ;  plants,  heterophylly  ii 

357  Juvenile  form  i  1 64,  organs 

i  360,  riband-form  of  monoco- 

tvlous  IcHsf  ii  357 ;  prothallns 

ii  317. 
Aquilegia  vulgaris^  phyllody  of 

flower  i  181. 
ArahiSj  phyllody  produced   by 

aphis  i  194. 
Arachmopsist  anisophylly  i  loi ; 

leafii  41;  rudimentary  forms 

iiiiS- 

Araliaoeae,  shoot,  direction  i 
160. 

Aramaria  correlation  and  di- 
rection of  shoot  i  314. 

A,  ^an/ft?Mnf,endogenetic  shoot 
with  protective  cap  ii  366. 

Aranoazieae,  flower,  female  ii 
531;    poll^-sac,    position   ii 

515- 

Aroenthobiaoeae,  stamen  with- 
out  vascular  bundle  ii  392. 

Archangelica^  leaf-base,  function 
ii  299. 

A,  officinalis t  leaf-apex,  prece- 
dence in  growth  ii  310. 

Arohangioptezia,    sporangium 

"585. 
Arohegonial,  group  of  Musci  ii 

152  ;  venter  of  Musci  ii  153. 
Arohegoniatae  defined  ii  i. 
Arohegoniophore  of  Hepaticae 


ii  84 ;  of  Pteridophyta  ii  307, 
3 16. 

Arohegonium,  abnormal  of 
Pteridophyta  ii  188 ;  develop- 
ment, in  Hepaticae  ii  15,  m 
Musci  ii  17,  in  Pteridophyte 
ii  184 ;  of  Gymnospermae  ii 
639 ;  of  Pteridophyte  ii  183 ; 
opening,  in  Bryophyta  ii  15,  in 
Pterid^)hyta  ii  183  ;  position, 
in  Hepaticae  ii  88 ;  rdatioaof 
number  to  fertilization  in  Pteri- 
dophyta ii  547 ;  structure  and 
position  in  Bryophyta  ii  14; 
of  unpollinated  ovule  of  Cycas 
U623;  venterinMusd  11153; 
viresoenoe  ii  187. 

Aroheaporinin  ii  597 ;  of  An- 
giospermae  ii  601 ;  of  Anih9» 
ceros  ii  606 ;  of  Gymnospermae 
ii  601 ;  of  Musd  ii  155,  601 ; 
of  ovule  of  Cuphta  Zimpam 
ii  601 ;  of  pollen-sac  of  Anpfio- 
spermae  ii  599;  of  Pterido- 
phyta ii  601 ;  of  Sphagmim  ii 
606. 

Afxkidium,  archegooial  venter 
ii  153;  capsule,  development 
ii  155« 

Archontophoenix,  leaf-form,  de- 
velopment ii  327. 

Areca  Caticku,  cotyledon,  lobed 
ii  411;  endosperm,  ruminate 
11411. 

Araaohoiag,  aerophilous  shoot 
of  ii  463 ;  £dse  short  twig  of 

ii453. 

Aristolochia  CUmatiHs^wxemacj 
axillary  bud  ii  434;  adven- 
titious shoot,  position  ii  277. 

A,  eleganSf  prophyll  and  funciioQ 

ii  383- 
A,  SipAo,  accessory  axillary  bud 

ii  434;    leaf-base,  protective 

function  ii  391. 
A.  tomsHtosa,  laminar  growth, 

pleuroplastic  ii  313. 
Ariatoloohiaoeae,  dorsiventral 

flower  i  133. 
Arnica  Montana,  phyllotaxy  ii 

443- 
Aroideae,  concrescence  of  spedix 
andspathe  i  55 ;  displacement, 
in  members  of  spadix  i  80, 
through  diminution  in  size  of 
organ  i  81 ;  growth  of  juvenile 
form,  direction  i  143 ;  hypso- 
phyll  a  leaf-sheath  ii  343; 
juvenile  form  i  I57»  mistaken 
for  Marcgravia  i  159;  leaf, 
perforated  ii  335,  sagittate  ii 
334,  split  ii  335;  leaf-fonns, 
development  i  158 ;  leaf-stslk 
ii  399;  nest -root  ii  383; 
plug-tip  ii  309 ;  Pothos-form 
i  159;  Rhaphidophom-form, 
i  159;  transition  £rom  anchor- 
ing-root  to  nourishing-root  ii 
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388 ;  Telunen  ii  283 ;  venation 
ii  54a,  Teticalate  ii  338. 

Arrert,  of  bract,  i  57, 59,  ii  397, 
433 ;  of  branching  of  root  ii 
37^ ;  of  bnd  ii  439 ;  of  latent 
buds  in  dedduons  trees  i  ^8 ; 
of  corolla  i  59 ;  in  cotyledon 
ii  400,  403 ;  of  development  i 
6 ;  of  flower  i  53,  57,  ii  546 ; 
in  flower  and  function  ii  547 ; 
of  gametophyte  in  apospory  ii 
607;  ofgynaecenm  11557,631; 
in  jave^Ie  form  i  145,  153, 
ii  400 ;  of  leaf,  adnlt  i  167, 
on  assimilating  shoot-axes  ii 
4^6 ;  of  ovule  158,  59,  ii  560 ; 
or  pinnule  ii  511 ;  of  pollen -sac 
of  An^iospermae  ii  554 ;  of 
prothflulns  by  embryo-forma- 
tion ii  199 ;  of  shoot,  lateral  at 
apexofstemii  431, apexin  trees 
i  aoo ;  in  spikelet  i  50 ;  of  spor- 
angiomii^io,  554;  of  stipule 
ii  364;  of  torus-elongation  ii 
540;  rarer  in  Thallophyta  than 
in  higher  plants  i  56 ;  through 
correlation  158,  through  loss  of 
function  i  58,  through  feeble 
illumination  i  333,  through 
want  of  nutrition  1  60. 

AxTOstdd,  formations  in  Haith 
pttrU  jUicina  i  37 ;  organs, 
morphological  importance  i  60. 

Artaniht  jamaicensiSi  arrest  in 
flower  i  57. 

Artocarpaae,  anchoring-root  ii 
388. 

Artocarpus,  stipule,  axillary  ii 

37a- 

A,  iniegrifilia,  stipule,  concre- 
scence ii  373. 

Arum,  depth  in  soil  of  tuber 
U466. 

A.  maculaiumy  root,  branching 
suppressed  ii  374;  pull-root, 
shortening  ii  370. 

Arundinana  japonica,  ligule  ii 

37^- 

Asarum,  antipodal  cells,  per- 
sistent ii  636 ;  flower,  dorsi- 
ventral  i  133. 

A,  europaeum^  venation  ii  343. 

Aaolepiadeao,  anchoring-root  ii 
388;  laminar  growth,  basi- 
plasdc  ii  313 ;  pollen-sac,  ar- 
rest   ii    554,    suppressed    ii 

554* 

Ascobolus,  directive  influence  of 
light  i  258. 

Atfoomyoetes,  growth  in  dark- 
ness i  357. 

Ascophyllum  nodosum^  light  and 
spore-germination  i  330. 

Aaaxnal  propagation,  of  Fungi 
i  49 ;  of  Hepaticae  ii  47 ;  of 
Musci  ii  139;  of  Pteridophyta 
ii  313,  467 ;  of  Spermophyta 
ii  469;  antagonistic  to  seed- 


formation  i  45,  313,  ii  51, 469; 
from  old  prothalli  of  Osmunda 

U9- 
AfpMraffineae,       f^ylloclade, 

structure  ii  545. 
Asparagus t  phylloclade  i  15, 30, 

W450. 

A,  c&morensis,  dimbing-hook  ii 
419 ;  kataphyll,  pelute  ii  334, 
500. 

A,  Uifyrsiphylium)  medeoloidis^ 
phyUoclade  ii  ^36,  450. 

A>  officinalis,  i^ylloclade  ii  450 ; 
root,  shortening  ii  370. 

A.  Sprengeri,  phylloclade  ii  450, 

Asperula^  stipule  ii  371. 

A,  scuUUaris,  stipule  ii  371. 

Aspidium  aristaium,  gall,  by 
Tafhrina  conm  cervi  ii  536. 

A,  fiUcatum,  archegoninm,  ab- 
normal ii  188. 

A.  FiliX'MOs,  sporophyll  and 
foliage-leaf  alike  ii  474. 

Aspienium,  transformation  of 
leaf  into  shoot  ii  341. 

A.  bulbiferunty  leaf-borne  bud 
142. 

A»  dimofphum^vpoTophyVL,  form 
ii  486,  as  new  formation  ii 
478. 

A,  Nidus,  prothallus,  develop- 
ment ii  304. 

A,  cbtusatum  aquaticum,  pro- 
thallus ii  3 10. 

A,  obtusifoliumj  leaf,  water-ab- 
sorbing ii  347. 

A,  Ruta-muraria,  juvenile  form 
ii5i. 

A,  septentrionaU,  abnormal  or- 
gans ii  187. 

A,  viride,  leaf,  branching  ii  316. 

ABtimilation-azia,  a  trans- 
formed inflorescence-axis  in 
Monocotyledones  ii  447. 

Aasimilation-ootyledon  ii  403. 

Assimilation-root  ii  380,  384. 

Aaaimilation-ahoot,  the  typical 
shoot  ii  440 ;  of  Codium  and 
light  i  349. 

Aasimilation-shoot-axisii  445; 
arrest  of  leaf  ii  ^^46 ;  with  in- 
creased sur&oe  ii  448. 

A  i«1  mil fttion-sppyogonimn  ii 
X05,  158. 

Aasimllation-stipule  ii  363. 

Astragalus,  carpel,  longitudinal 
septum  ii  559;  cotyledon, 
asymmetry  i  115;  host  of 
PilostyUs  ii  335  ;  leaf,  change 
of  function  i  9 ;  thorn  ii  438  ; 
thorn-leaf  i  9. 

A,  adscgndens,  stipule,  concres- 
cent  ii  369. 

A,  horridus,  Tragacanthoy  thorn 
11439. 

Astranha,  flower-envelope,  de- 
rived from  hypsopnyll  ii 
550. 

UU  2 


A,  major,  hypsophyll,  reduced 
foliage-leaf  li  395. 

Asymmetry,  of  cotyledon  i  115, 
ii  406,  cause  ii  407 ;  of  flower 
i  139;  of  leaf  i  106, 115,  116; 
of  leaflet  i  1 3 1-4,  and  gravity  i 
133;  of  sporangium  ii  575 ;  of 
stipule  i  131, 135. 

Atei^niny  of  ovule  ii  618,  and 
antotrophism  and  heterotro- 
phism  ii  619. 

Athyrium  FUix-foemina  Claris- 
sima,  apospory  ii  608. 

Atragene  alpina,  staminal  flag- 
apparatus  ii  5^o> 

Atrickum,  rhixoid-strand  ii  130. 

AtripUx    rosea,     halophyte    i 

Atropa,  adhesion  of  bract  and 
shoot  ii  438;  inflorescence  ii 

438. 

A,  Belladonna,  anisophylly,  habi- 
tual i  113. 

Atropons  ovule  ii  631. 

Aulacomnium  tmdrogynum, 
gemma  ii  140. 

A.palustre,  gemma-leaf  ii  139; 
gemma,  protonemoid  ii  4a 

Anrantieaa,  thorn-leaf  ii  430. 

Auricle  of  Angiospermae  ii  361; 
of  Hepaticae  ii  39,  58. 

AutoparMitiam  ii  639. 

Antotrophism  and  ategminy  of 
ovule  ii  619. 

Atncennia,  germination  ii  356 ; 
pneumatophore  ii  378. 

Awn  of  Gramineae  ii  377. 

Axial  placenta  ii  556. 

Axillary,  branching  ii  431,  in 
flower-r^OD  ii  433,  and  phyl- 
lotaxy  i  81,  time-relationship 
ii  ^33 ;  ovul^  ii  561 ;  shoot 
and  axillant  l^f,  concrescence 
ii  436,  development  ii  433, 
displacement  ii  434 ;  stipule 

ii  315*  359.  373. 

Axis,  nodes  i  35;  share  in 
gyiwieccnm  ii  556,  557,  563, 
566,  568. 

A%olla,  foliage-leaf,  s^mentation 
ii  488  ;  glochidia  ii  3I3,  318  ; 
involution,  dorsiventral  i  86 ; 
juvenile  form  i  164;  leaf  ii 
348;  leaf-float  ii  349;  mas- 
solaeii  318;  megasorus  ii  488; 
megasporangium,  analogy 
with  ovule  ii  616 ;  megaspore, 
germination  ii  313;  m^a- 
sporophyll  ii  488 ;  microsorus 
ii  488;  microspore,  germina^ 
tion  ii  318;  microsporophyll 
ii  488 ;  mucilage  hi  leaf  ii  348 ; 
prothallus,  female  ii  3 13,  rhi- 
zoids  absent  ii  189;  root-apex 
ii  367;  root-hairs  on  water- 
root  ii  369;  symbiosis  vrith 
Nostocaceae  ii  348;  water- 
absorption  by  leaf  ii  349. 


Digitized  by 


Goo^^ 


66o 


INDEX 


A.filiculoidis.  growth  of  aaoatic 
root  in  soil  ii  267 ;  habit  ii 
458 ;  roegmsonis ii  488;  iporo- 
phyll  ii  489. 


Balanopkora,  embryo  fonned 
from  endotperm  ii  037 ;  flower, 
reduction  li  ^57,  6ai;  nir- 
thenogenesit  li  624;  poUen- 
tnbe  not  formed  ii  624. 

B»  eiortSO/attmhryo-nc,  derelop- 
ment  ii  621. 

BalAnophorefte,  carpel  with- 
out vascnlar  bondle  ii  292  ; 
embryo,  reduced  ii  254;  em- 
bryo-sac,  development  ii  621 ; 
flower,  redaction  ii  621 ;  haa- 
ttoriam  ii  224;  orean-forma- 
tion  in  absence  of  light  i  257  ; 
ovnle,  ategminont  rednced 
ii  621. 

BalanHum  a$ttarcticum^  pro- 
thallos  ii  200;  sporftnginm, 
position  ii  491. 

Bamdusa,  hinge-cell  ii  324* 

B,  v€rticiilatat  hinge-cdU  ii  323. 

Bambufleae,  kataphyll  ii  389. 

Banana,  correlation  of  growth 
in  fruit  i  212. 

Banisieria  aurta^  searcher- 
shoot  ii  454. 

Barbula,  hair-point  ii  149 ;  leaf, 
lamella  ii  144,  papilla  ii  143  ; 

Seristome  ii  163 ;  spore,  shed- 
ing  li  163. 
B,  aloides,  ambigua^  memhra$uu- 

foiiaM  144. 
B.  subulata^  dorsiyentral  sporo- 

gonium  and  light  i  2^. 
Barringtonia     Vruset,    hypo- 

cotylar  storage  ii  259. 
Bartramia   Uy^ylla,  leaf-sur- 
face, mammilla  ii  143. 
Basal  cell  of  archegoninm  of 

Pteridophyta  ii  184. 
Basal,  and   terminal  growth  i 

41 ;  growth  of  leaf  ii  306 ; 

laminar  growth  of  Aroideae 

11324. 

BasidioboluSf  malformation,  arti- 
ficially produced  i  188. 

B.  ranarum,  gonidia-formation 
in  light  and  darkness  i  257. 

Basidiomyoatea,  growth  in 
darkness  i  257. 

Baaigamoos  pollen-tube  ii  614. 

Baaigamy  ii  015. 

Baaipetal,  derelopment  of  pel- 
tate leaf  ii  336,  of  pinnule  of 
Cycadaceae  ii  322,  of  spo- 
nmgia  ii  496 ;  leaf-branchmg 
of  Dicotylttlones  ii  330;  suc- 
cession in  flower  ii  549. 

Basiplastio  type  of  laminar 
growth  ii  312. 

Ba/racAospermum,  Chantmnsia 


its  pro-embryo  i  149,  and 
light  i  238 ;  juTcnile  fonn  i 
148. 

Batiana,  elater  i  19. 

Battersia  miroHUSy  anchoring 
disk  as  Tegetathre  body  1 150. 

BMiAimia,  leaflet,  asymmetrpr 
i  123 ;  stipule  and  function  li 
366;  watch-spring-climber  ii 

BoMMomia  JUum^  zerophiloos 
adaptetion  ii  65. 

BeaumamtiagraudiJIora^  search- 
er-shoot ii  454. 

Btigoma^  adventitious  shoot, 
origin  i  1 7 ;  leaf,  asymmetry  i 
118;  leaf-bome  bud  i  4a; 
leaf-cutting  i  45,  varies  with 
age  i  40;  leaf,  form  and 
brandling  i  119,  and  gravity 
i  219. 

B,  fagifoUay  scamdins,  root- 
cUmbo:  i  120. 

B»  kydrocoiylifoiia,  incamata, 
maculata,  manuata,  Bex, 
scandens,  leaf^  asymmetry  1119. 

B,  proliftra,  sifmata^  inflore- 
scence, epiphyllous  ii  437. 

B,  Bix,  rhizome,  thick  i  120. 

B,  xtmiAtMO,  flower,  develop- 
ment ii  543. 

Bagoniaceaa,  seed  with  small 
embryo  and  endosperm  ii  631. 

Benincasa  ceriftra^  forerunner- 
tip  ii  308;  leaf-primordium, 
division  in  formation  ofh3rpso- 
phyll  ii  393 ;  tendril,  develop- 
ment ii  423 ;  transition  between 
leaf-forms  i  10. 

BerberiSy  branching  it  433  ;  cor- 
relation in  arrest  of  &oot  i 
209 ;  leaf-thorn  ii  429 ;  pollen- 
sac,  partial  supprenion  of 
active  opening  cells  ii  611 ; 
short  shoot  precedes  long  in 
unfolding  ii  445. 

B,  tm^arts,  axis,  radial  with 
plagiotropy  i  85. 

BirchtokUabromiides,  embryo  ii 

417. 

Berlinia  pantcukUa,  host  of 
Pihstyks  ii  225. 

Berthottitia  txuUoj  hypocotylar 
storage  ii  260. 

Betonica  officinalis,  corolla,  con- 
fluence of  parts  ii  538. 

Betulat  pollen-sacs,  reduction  of 
number  ii  554;  phyllotaxy, 
spiral  i  96 ;  dioot,  dorsiventral 
lateral  1 96 ;  witches'  broom  i 
192. 

B,  Unto,  nigra^  shoot,  dorsi- 
ventral lateral  i  96;  phyllo- 
taxy, variation  i  96. 

Bajerinok  on  gall-formation  i 
ao2. 

Bioiliale  spermatosoid  of 
Pteridophyta  ii  1 72. 


Bidens  BukH,  divided  sub- 
merged  leaf  ii  358. 

BifiMialleaf  11293. 

BifMoma^  transformatioo  of  leaf 
mto  tendril  ii  422. 

B.  aOto4uiea,  daw-hook  ii  420 ; 
tendril  ii42f. 

B,  capreclata,  litt&raUs,  adhesive 
disk  of  tendril  i  268. 

B,  UHgmSf  daw-hook  ii  4K>. 

Bignoniaoaae,  adhesive  disk 
of  tendril  i  268;  anchoring- 
root  ii  288 ;  daw-hook  ii  420. 

Bijngate  system  of  phyllotuy 
of  Bravais  i  8a 

Bilateral,  leaf  ii  293,  328,  pro- 
file-position ii  203 ;  organ,  de- 
finition i  66 ;  shoot,  en  Musd 
i  66,  ii  137;  shoot  with  dis- 
tichous phyUotaxy  in  MonsUra 
diliciosa  i  90;  sponngium  ii 

574.  581. 

BiUbtrgia^  transition  from  fo- 
liage-leaf to  bract  i  lo. 

Bilooular  ovary  ii  562. 

Biota  orienialis,  root,  hairless  ii 
369. 

Bipartita  leaf  of  Hepaticae  ii 

41' 
BisTnimetric  organ,  definition 

166. 
Bitegminj  of  ovule   ii    617, 

628. 
Bladder  of  Utrictdaria  Hookeri 

ii  237. 
Blasiay  amphigastnum  ii  299; 

apical  angle  ii  21 ;  gemma, 

dimorphous  ii  49  ;  leaf  ii  37 ; 

leaf-auricle  ii  29 ;  mudlai^ 

hair  ii   29;   symbiosis,  with 

Nostoc  ii  78. 
B,  ptmlioj  germ-plant  i  340; 

thallus,   segmentati<m  ii  37 ; 

v^etative  point  ii  28. 
Blind    flower,   result  of  high 

temperature  i  213. 
Blitumpolymorphumy  halophyte 

i266. 
BlyUiOy  apical  cell  ii  21 ;  bnmch- 

ing  ii  22 ;  leaf  ii  37 ;  light  and 

growth  ii  77 ;  mudlage-papil- 

ui  ii  28 ;  perichaetium  li  82 ; 

rhizome,    sympodial    il  25; 

sderenchvma^fibres     ii     76 ; 

shoot,  etiolated  i   340 ;  sub- 

arch^onial      tissue-devdop- 

ment  after  fertilization  ii  106 ; 

thallus,  hymenophyUoid  ii  25, 

winged  ii  20. 
B,  dedpienSt  apical  cell  ii  21; 

chromosomes  ii  8 ;  habit  ii  34. 
B,  lomgispinat  leaf  it  37. 
B*  Zx^/ft't,andieridium,  devdop- 

ment   ii   13;  apical   cell    ii 

21. 
Bocamiay  flower,  ammgement  of 

parts  ii  533. 
Boragineao,  branching  ii  435; 
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flower,  sappresnon  of  upper  i 
58 ;  inflorescence,  compensa- 
tion of  growth  i  208,  dorsi- 
ventral  cirdnate  i  1 36 ;  oyary 
and  plaoentation  ii  563. 
B^roma,  stamen,  transformation 


BoscXia^  air-cavities  ii  75. 

BossiaeOt  dadode  ii  451  ;  tran- 
iition-lforms  of  shoot  i  168. 

B.  heterophylla^  microphylla  i 
168. 

B,  rufay  arrest  of  adnlt  leaf  i 
168  ;  jnvenile  form  i  168. 

Bosttvchia  callipteriSy  long  shoot 
and  short  shoot  i  39. 

B,  Morittiana^  long  shoot  and 
short  shoot  i  38. 

Botrychium^  antheridinm,  open- 
ing ii  177;  embryo,  differen- 
tiation ii  344,  position  of 
organs  in  ii  247;  leaf,  develop- 
ment ii  313,  prothallns,  dor- 
siventrality  ii  199,  hypogeoos 
ii  190,  symbiotic  ii  199,  219 ; 
ptyns,  not  drdnate  ii  321 ; 
sporangixmi  ii  606,  dehiscence 
ii  585,  iree  ii  574,  584,  posi- 
tion li  494 ;  spore,  nutrition  ii 
638  ;  sporophyll  ii  483. 

B,  Lunaria^  prothallus  ii  198; 
relationship  of  sporophyll  and 
foliage-leai  ii  476;  sporan- 
gium ii  584. 

B,  simpUXi  iporangial  spike  ii 
6c6. 

B.  virginianum,  orientation  of 
organs  of  embiyo  ii  345 ;  pro- 
thallus, tuberous  ii  198. 

BUrydium  granuiaium,  resting 
state  i  261. 

Bower,  on  grouping  of  distribu- 
tion of  sporangia  ii  496 ;  on 
leaf-development  ii  304. 

Bawiea  vohibiliSy  cladode  ii  449. 

BrackypodiumpinmUuMf  involu- 
tion of  leaf  ii  298. 

Braot,  adhesion  to  shoot  ii  438 ; 
arrest  ii  397 ;  of  Daucus 
Carota  i  59;  as  protective 
organ  ii  391,  3^7;  without 
vascular  bundle  ii  393. 

Braot-leaf,  transition  from  foli- 
age-leaf i  xo,  ii39i,  551. 

Braot-aoale  of  Abietineae  i  531. 

Bnmoh-ayatem  of  Cnpressineae 
and  light  i  330. 

Branoh-thom,  correlation  and 
formation  i  315;  and  medium 
i  363. 

Braaohizkg,  absent  in  Wehnt' 
schia  mirabilis  ii  431 ;  acroeen- 
ous  ii  433 ;  of  Algae  and  hght 
i  337 ;  axillary  ii  431 ;  ca{>acity, 
latent  ii  431;  of  carpel  li  537 ; 
of  inflorescence,  of  &>ragineae 
ii  537.  of  Hyoscyamus  tt  435  ; 
of  leaf  of  Dicotyledones  ii  339, 


form]xu[  apparent  leaf-whorl  ii 
333,  ofleairof  Filidneaeii  316, 
of  leaf  of  Ophiogloisaceae,  in 
one  plane  11483 ;  of  upper-leaf 
ii  333 ;  of  petaline  piimordia ii 
536 ;  and  phyllotazy  i  83 ;  of 
protonema  and  light  i  334 ;  of 
root,  suppressed  ii  374 ;  of  sta- 
men ii533 ;  of  staminalprimor- 
dixmi  ii  536;  of  shooti  88,  ii  31, 
133, 431,  and  leaf  of  Hepaticae 
ii  44,  non-axillary  of  Musci  ii 
131 ;  of  thallus  of  Aleae  i  34, 
oiAneuru  ii  26 ;  varuitioa  in 
place  of  in  Pteridophjta  ii  431 ; 
and  veeetative  point  1 33 ;  with- 
out axHlant  leu'ii  433. 
Braad-ftingiui  modifying  flower 

1193. 

Brassua,  flower-buds  do  not  un- 
fold in  darkness  i  343. 

B.  oUracea  var,  botryiis^  axillary 
branching  ii  433. 

Braihys  prolificOy  androedum  ii 

535* 
BrsTais,  bijngate  and  trijugate 

phyllotaxy  i  80. 
Breathing  outgrowth  on  root  ii 

378. 
Breathing-pore  of  Hepaticae  ii 

Breathing-root  u  378 ;  m  rela- 
tion to  dry  soil  i  300;  in  moist 
soil  ii  378. 

Bristle  01  Compositae  ii  398 ;  of 
inflorescence  m  Gramineae  i  30. 

Bromeliaoeae,  root,  anchoring 
ii  386,  intracortiod  ii  368 ; 
transition  firom  foliage-leaf  to 
bract  i  lOb  ii  55i- 

BrvmuSf  awn  ii  377. 

Brood-bud.    See  Gtomma. 

Brood-genuna.    See  Gtomma. 

Brcwnea  erecta,  protection  of 
bud  i  7. 

Bruguiera,  emb^o,  viviparous 
ii  355;  root,  breathing  out- 
growth ii  379. 

Br3raoeae,archegonium,develop- 
ment  ii  16 ;  spore,  shedding  ii 
165. 

Bryonia,  laminar  growth,  basi- 
plastic  ii  313;  leaf-lamina, 
branching  ii  313;   tendril  ii 

435. 

B,  dioica,  androedum  ii  539. 

Bryophylhtm,  leaf  ii  337. 

B,  calycinum,  leaf-bOTne  bud  i 
4a»  »i  43<5. 

B*  crenatum,  leaf, indented  ii  337, 

Bryophyta,  comparison  of  sex- 
ual organs  with  those  in  Pteri- 
dophyta  ii  18^ ;  devdopment, 
heteroblastic  1  i^^;  directive 
influence  of  light  i  334 ;  extent 
of  ii  7 ;  involution,  dorsiventral 
i  86 ;  juvenile  form  1151;  mois- 
ture and  organs  i  361 ;  phyletic 


relationship  with  Pteridophyta 
ii  187;  protonema  and  hght  i 
339  >  reversion  to  juvenile  form 
i  171;  sporogonixmi,  radial 
ii  57^;  sterilization  ii  605. 

BryopstSy  light  and  vegetative 
organs  i  3k6  ;  reaction  of  shoot 
to  external  stimuli  i  3 17 ;  thal- 
lus, bilateral  i  66. 

Bryopteris,  long  shoot  and  short 
dioot  ii  43 ;  reaction  of  shoot 
to  external  stimuli  i  317. 

B.filicina,  flagellum  ii  44. 

Bryum  argentnim,  air^layer  of 
dead  leaves  ii  75 ;  dorsiventral 
sporogoninm  and  light  i  236 ; 
propagativeshootii  130;  silver- 
glance  ii  148 ;  silver-sheen  and 
medium  i  261. 

B.^iganUum,  shoot  ii  132. 

B.  pseudo^riquetrum,  asexual 
propagation  ii  1 2  5 ;  protonema- 
cushion  ii  148 ;  separation-cell 
of  protonema  ii  125* 

Bud  ii  431 ;  apical  dosure  ii  309 ; 
arises  direct  in  Hepaticae  i  48 ; 
arrested  ii  439 ;  convolute  lami- 
na of  in  Monocotyledones  ii 
309;  leaf-borne  i  43,  ii  241, 
431.  43^,  4:f  I,  595 ;  resting  i 
174,  318,  ii  44,  398;  root- 
borne  i  42,  46,  ii  238,  376, 
380,  431. 

Budding  of  aposporous  Filices 
146. 

Bud-proteotion.  See  Protec- 
tive organ. 

Bud-soales,  correlation  i  316. 

Biutineria  pilosoj  searcher-shoot 

ii454- 

Bulbil,  i  45,  ti  469. 

Bunium  petraeum,  cotyledon, 
assimilating  ii  402. 

Butomeae,  cotyledon,  di£feren- 
tiation  ii  408. 

ButOfmiSy  ovule  on  under-surface 
of  carpel  ii  558. 

B,  umbilUUuSf  creepme  shoot 
with  distichous  phyllotazy  i 
00 ;  dorsiventrality  i  90 ;  hair- 
less root  ii  269. 

Buxbaumia,  antheridium,  de- 
velopment ii  14;  haustorium 
of  embryo  ii  157;  simplest 
moss-plaint  ii  127,  208 ;  proto- 
nema ii  137,  threads,  concre- 
scence ii  131 ;  male  and  female 
plants  ii  151. 

^.a^^//Ai,spore,sheddingii  164. 

B,  tndusiaiay  peristome  ii  164 ; 
protonema  ii  1 36 ;  spore,  shed- 
ding ii  164. 

Buxbaomiaoeae,  dorsiventral 
sporogonium  and  light  i  336 ; 
ori^n  of  peristome  ii  164. 

Byblts  ^ganiio,  ovular  hausto- 
rium li  039 ;  intercalary  growth 
ii3ii« 
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abombOy  divided  tnbmeiged  leaf 
ii  358 ;  ovule  on  upper  surface 
of  carpel  ii  558. 

OftotaoaAa,  arrest  of  leaf  on 
assimilating  shoot-axis  ii  446 ; 
Cereusyform  i  169;  concre- 
scence of  axillaiY  i^oot  and 
azillant  leaf  ii  436 ;  leaf-thorn 
i  168,  264,  ii  439 ;  leaf  trans- 
formed into  nectary  ii  430; 
hypocotylar  water-storage  ii 
360;  juvenile  form  i  166, 168 ; 
ovary,  inferior  ii  439 ;  phvletic- 
ally  recent  i  170 ;  phyllotaxy 
i  78;  reversion-shoot  i  173 ; 
shoot  as  water-reservoir  ii  453 ; 
long  shoot  and  short  shoot  i 
35 ;  increase  of  shoot-sur£sce 
and  light  i  347;  succulent 
form  i  19. 

Oaotoa-form  of  shoot  ii  453. 

Oadooooa  stipule  ii  ^63. 

Oaeaalpineaa,  branching  of  leaf 
U33a 

Caisalpinia  Sappan^  leaflet, 
asymmetry  i  1 33. 

Caladium^  foliage-leaf,  peltate  ii 

335* 

Caiamostaehys  CasAeana^  mega- 
sporangium  ii  603;  micro- 
sporangium  ii  603. 

Calamus,  climbing-hook  ii  431. 

Calathea,  flower,  asvmmetry  i 
1 39 ;  inflorescence,  aorsiventral 
i  139. 

Oalcarate  flower  i  131. 

CaiUsia  delicatula^  leaf,  asym- 
metry i  117. 

Caliitkamnum,  vegetative  organs 
and  light  i  356. 

C,  cofymdasum,  branching  and 
light  i  337. 

CalJUriche,  flower-leaf,  terminal 
ii  541 ;  phyllotaxy  ii  443. 

C.  tfema,  leaf-rosette  ii  443. 

CattitriSf  juvenile  form  i  154; 
reversion-shoot  i  173;  sporo- 
genous cell-mass  in  ovule  ii  638. 

CiSlas-formation,  on  root-tip  i 
43;  and  gimvity  i  333. 

Oalliia-root  in  seedling  i  44. 

Callua-shoot  i  44. 

Oalobryitoaae,  growth,  ortho- 
tropous  ii  18;  mudlage-papilla 
ii  40;  riiizoid,  absoit  ii  45; 
shoot  ii  40,  orthotropous  ii  39. 

CaUbryum,  anisophylly,  occa* 
sional  i  los;  ^wth,  ortho- 
tropous i  I03,  ii  18 ;  isophyily 
i  103;  sexual  oreans,  protec- 
tion ii  84,  terminid  groups  of  ii 
80. 

C.  Blurnei,  female  plant  ii  4a 

Caltha  palustris,  ptyxis  and 
space-relationship  li  31 1 ;  hyp- 
sophyll  of  whole  leaif-primor- 


dium  ii  393 ;  stipule,  axillary 
il  373»  418 ;  venation  ii  343. 

Oalyoajithiwny  through  Pf^to- 
ptus  i  195. 

Calymperes,  perforated  water- 
cell  li  145. 

Calypo^eia,  endogenetic  shoot  ii 
45 ;  fluid  around  young  sporo- 

rnium  ii  90 ;  foot  of  embryo 
105 ;  hypogeous  fruit-branch 
ii  90;  (Nthotropous  sexual 
shoot  1141;  t€iMXiAxoSotakbya 
ii  90;  spore,germination  ii  1 10. 

C.  €ricetarum,  fertile  sac  enclos- 
ing embryo  ii  91 ;  tporogonium 
iioo. 

C.  Trukomamest  anisophyllv  and 
dorsi ventral  shoot  i  I03 ;  fertile 
sac  leafy  ii  pi ;  gemma  ii  51 ; 
spore,  germmatioa  ii  110. 

Oal^tr*  of  Musd  ii  153 ;  of 
TrkluKoita  ii  89. 

Oalyoino  hook  of  Agrimoma 

Oalyx,   development   m  Sym- 

pkaruarpus  ii  543. 
Campamita,  evolution  of  radial 

corolla  ii  553. 
C  loHfoHa,  beterophylly  absent 

ii  351 ;  stalked  leaf  ii  301. 
C*  rUundifolia,  beterophylly  ii 

351 ;  reversion  to  juvenile  form 

and  light  i  343 ;  stalked  leaf  ii 

301. 
C,     Trackelium^    beterophylly 

absent  ii  351. 
Oampannl sJoaaa,  beterophylly, 

explanation  ii  351. 
Campyloptis,  archqgooial  groups 

in  nead  ii  150. 
C.  fUxucsuSt  propagative  shoot 

C.  pofytrichouUs,    lamella    on 

under-side  of  XtaS  ii  144. 
C.  Schimperi,  propagative  shoot 

U139. 
Oannabineaa ,  aporogamy  ii  6 1 5 . 
Oannaoeao,  venation  in  relation 

to  whole  leaf-growth  ii  343. 
Canma  indica,  root,  shortoiing 

ii  370 ;  venation  ii  343. 
Capillarity  between  rhixoids  of 

Hepaticae  ii  33. 
Oai>i]lajr]r,water-chamberformed 

by  leaf  of  Hepaticae  ii  58 ; 

water-reservoir  of  FruUania 

dilatata  i  361. 
Oapitulnm  of  Compositae,  red- 

frocal  pressure  changing  form 
77- 
OaplaM  root  ii  330^  36^. 
Oaprifoliaoea«,  double  leaf  i  190. 
CapuUa    Bursa'pastcriSy    \M- 
form  in  dwarfing  conditions  i 

259- 
Oapsnle  of  MTisd,  development 
ii  15$ ;  of  Sphagnum,  explo- 
sive ii  163. 


Caragana,  diange  of  fonctioo  in 
leaf  i  9;  thom-leaf  i  9,  ii 
439. 

Carapa  moluuemsUy  breadiing 
outgrowth  on  root  ii  378. 

Cardamifu  prattHsU,  double 
flower  i  313;  exogenetic  root 
u  373;  v^etative  devdop- 
ment  and  suppression  of  repro- 
ductive organs  i  313. 

Cardum,  bristle  ii  398;  de- 
current  leaf-base  ii  448. 

CareXy  embryo  ii  411 ;  seed»  ger- 
mination ii  413. 

C.  Gray  ana,  embryo  ii  411. 

Carludcvica  pHcata,  hypsophyU 

ii3<^- 

Carmuhaeliay  cladode  ii  451. 

C  crasticauiis,  ihoot  as  water- 
reservoir  ii  453. 

C.  Engsii,  juvenile  form  i  168 ; 
transition  from  heteroUastic 
to  homoblastic  germinatioo  i 
168. 

C,  ExsuljJlagelUfonms  ii  451. 

C.  stricta,  arrest  of  adult  leif  i 
167  ;  juvenile  form  i  167. 

Carpel,  of  AnHospermae  ii  537, 
•555;  bran<£ing  ii  537;  o^ 
Cycadaceaeiiftii;  ofCooifinae 
ii  518;  of  Ginkgoaceaeii  518; 
of  Gynmospermae  U  511 ;  in 
inferior  ovary  ii  567  ;  numba 
in  Aconitum  ii  538  ;  ovule  on 
under  side  ii  558;  septation 
ii  559;  sole  ii  557;  in  to- 
carpous  gynaeoeum  ii  503; 
terminal  ii  541 ;  without  vas- 
cular bundle  ii  393. 

Oarpellarj,  ovule  ii  560 ;  pla- 
centa ii  556. 

Carpinus,  juvenile  form,  direc- 
tion of  growth  i  143;  kaf- 
position  1  96 ;  shoot,  abortion 
of  apex  of  annual  i  209; 
shoot,  dorsiventral  latend  i  90, 

Carum  BulboauUamm,  cotyle- 
don, assimilating  ii  403. 

Oarjophylleae,  embryo,  lie  in 
seed,  Lubbock's  statement  ii 
406 ;  gynaeoeum,  superior  sju- 
carpous  ii  563 ;  bexameiy  and 
pentamery  in  same  pluit  ii 
538 ;  placenta,  free  oentxal  ii 
564 ;  staminal  primordium, 
branching  ii  536. 

Cassia,  transformation  of  1 


ii555- 
C.   Fistula,   carpel,  transvene 

septum  ii  559. 
Castanea     v€ua,      phyllotaxy, 

variation  i  96;  shoot,  dom- 

ventral  latml  i  96;  stipule, 

protective  function  ii  363. 
Oaster  of  peristome  of  Musd  ii 

164. 
Casuariua,    basigamy  ii  615 ; 

development    homoblastic    i 
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143;  embryo,  adventitious  ii 
624;  flower-leaf,  teiminal  ii 
541 ;  JQYenile  form  i  166 ; 
ovule,  development  ii  653, 
banstorium  ii  633;  partheno- 
genesis ii  633;  ix>llen-sac, 
active  opening  cells  ii  611; 
pbyletic  position  ii  633, 635. 

Casuarina  giauca,  oviidar  bau- 
storinm  ii  634. 

C  Rumphii,  ovule  ii  634. 

C.  ttricta^  embryo-sac  ii  633. 

C   torulosa,   seedling  -  plant   i 

144- 

C,  hiberosoy  nucellus  ii  634. 

Oaaoarineae,  arrest  of  leaf  on 
assimilating  sboot-asds  ii  446. 

Catttlpa  syringaefolia^  aniso- 
pbylly,  lateral  i  108. 

Catkarifua,  antberidium,  open- 
ing ii  II. 

C  undukUa^  leaf,  lamella  ii  144 ; 
sporog<Miium,  dorsiventral  and 
bgbt  i  236. 

Caulerpa,  leaf-like  organs  and 
ligbti  249 ;  ligbt  and  regenera- 
tion i  237. 

C  proiifera^  position  of  oigans  i 

Oauliflowor,     correlation     of 
growtb  in  flag-apparatus  i  21 1 
Oanlome,  definition  i  16. 
Cavicularia,  gemma  ii  49 ;  leaf 

>i37- 
Cecidomyia  Pooi^  gall  i  200. 
Cecidoies  Eremita,  gall  i  199. 
Cidrela   amara,   lotflet,  asym- 
metry i  122. 
CedruSf  juvenile  form  i  154. 
OoU,  use  of  term  i  22. 
OoU-oolony  of  Tballopbyta  i 

22. 
Oell-dominion,  of  Tballopbyta 

i  2  2 ;  witb  v^^etative  point  i  33. 
Oell-maM,  sporogenous  ii  596. 
OoUnlar  structure  of  land-plants 

i24. 
Oelluloae  in  sporangial  wall  of 

Lycopodium  ii  578. 
Celosia  crisiatay  correlation  of 

crowth  in  flag-apparatus  i  21 1 ; 

mberited  fasdatlon  i  184. 
CeltiSy    laminar   growtb,  basi- 

plastic   ii    312;   leaf-lamina, 

brancbing  ii  312. 
CenchruSy  inflorescence,  bristle  i 

20. 
Ctttaurea,  bristle  ii  398. 
Ciniradenia,    anisopbylly,    ba- 

bituali  in;  leaf,  asymmetry 

i  116. 
C./icri6uMda,KDi»ofihyliyf  arti- 
ficial inversion  i  255,  bsi>itual 

i  III. 
C  inatquilatiralis^  anisophylly, 

batntual  i  in. 
Oentral  cell  of  arcbegonium  of 

Pteridopbyta  ii  184. 


Ci99tranthus  Calciirqpa^  eoaMoa 

Cephalaria  UuamtkOf  laminar 
growtb,  basiplastic  ii  3 1 2;  leaf- 
Umina,  brancbing  ii  312. 

Cephaiotaxus,  flower,  female  ii 
519;  ovule  ii  519. 

C.  Fortwm^  arcb^onium  ii  629 ; 
endogenetic  v^etative  point 
of  sboot  ii  266. 

Cephalotus  foUicularis,  leaf, 
tubular  ii  337,  development  ii 

339- 
CephaUmOy  spore,  germination  ii 

lOI. 

C.  {Proiociphahua)  efhenu- 
rotdesy  pro-embiyo  persistent  ii 
no,  113;  rbizoid  as  in  Musd 
ii  1 16;  rudimentary  form  ii  1 1^. 

C,  {Ptercpsiella)  jrondtformisj 
reversion  of  leaf  to  tballus- 
form  ii  42. 

Ceratodan  purpureuSy  spore, 
sbedding  u  163. 

Ceratophyllumy  rootless  ii  234, 
265 ;  vascular  bundle  ii  293. 

C.  dtmtrsum^  leaf,  dichotomy  ii 

339- 

CercUcpteriSy  leaf-borne  bud  ii 
43i»  44i>  595;  placenta, 
absent  li  472  ;  prothallus  and 
gravity  i  221 ;  shoot,  suppres- 
don  of  lateral  ii  431  ;  sporan- 
gium ii  588,  595.     .^    ^       . 

C.  thaltctroides,  juvenile  form  1 
152;  propagation  by  leaf- 
borne  sboot  ii  441;  stipular 
scale  ii  315. 

dratotamiOt  flower  ii  512, 
spike  as  protection  to  ii  512 ; 
pollination  ii  ^13 ;  sporophyll, 
development  li  513,  transition 
from  sterile  to  fSsrtile  ii  511 ; 
stamen  ii  514. 

C  longifolicLy  ovule,  develop- 
ment ii  627,  sterilization  ii  627. 

C  robusta,  air-root  ii  282 ; 
carpel  ii  513 ;  ovule  ii  616,  in- 
tegument ii  616. 

Oereua-form  inCactaceae  i  169. 

CeriopSf  viviparous  embryo  ii 
255. 

Ceropegia,  concrescence  in  corolla 

i53. 

Cetraria  isUuu^a,  symmetry 
and  direction  i  72. 

Chaetophoray  chief  axis  and 
lateral  axes  i  34. 

ChailUtia,  epiphyllous  inflore- 
scence ii  437. 

Ohalmaal  nutritive  tissue  ii  640. 

Chalaiogamy  ii  615. 

Ckamaecyparis^  juv^iile  form  i 

154. 
Chamaedorea         desmoncaides^ 

climbing-book  ii  421. 
ChamaeropSy  leaf,  development 

ii3a7;  ligule  11378- 


Chamaerops  {Trachyearpus)  ex- 

celscty  primary  leaf  ii  327. 
C  kumilis^   leaf,  devdopment 

11379. 

Ohange  of  function,  in  leaf  i  ^ 
ii  398 ;  in  oigans  i  8 ;  in  root 
i  12 ;  through  ligbt  i  255. 

ChantrtMsia  a  pro-embryo  i  1^9. 

CharcLy  leaf  i  15 ;  node  and  in- 
temode  i  35;  pro-embryo  i 
150;  rbizoid  ii  117;  rbizoid* 
formation  and  ligbt  i  231. 

C.fragilis,  habit  i  35. 

Ohaamogamy  and  light  i  245. 

CheirttHthuSf  flower,  develop- 
ment ii  543. 

Chdidonium^  leaf,  branching  ii 
331 ;  leaflet,  asymmetry  i  122. 

C  majus^  leaflet,  asymmetry  i 
114. 

Oh«nopodlao»aa,  cotyledon  ii 
406. 

Ohiaf  axis  and  latend  shoot  i 

34- 

CkiloscypkuSy  elater  ii  99 ;  leaf, 
concrescence  ii  42 ;  spore^  ^* 
mination  ii  no ;  spprogomum 
vritbout  elaterophore  ii  99. 

Ceymbaliftrus,  dectpimSy  waters 
sacii  60. 

ChlamydpmonaSy  monergic  form 
127. 

C,  BrcwnUt  monergic  organiza- 
tion i  27. 

Ohloreno^yma  of  leaf  ii  203. 

Chlorii^  dorsiventral  inflore- 
scence i  134. 

OhlorophyocMo,  anchoiing-or- 
gan  developed  through  con- 
tact-stimulus i  269. 

OhlorophyllotLB,  embryo  of 
Hepaticae  ii  105 ;  foliage-leaf 
the  primitive  leaf-form  u  291 ; 
prothallus  ofFilidneaeii  199, 
of  Lycotodium  ii  192,  of  Std- 
vinia  ii  211 ;  root  of  Podo- 
stemaceaeii  280 ;  sporogonium 
ii  105,  158, 

Chondnoderma  diffamUy  plas* 
medium  i  25. 

Ohorii>etalAe.  ovule,  bitu- 
minous ii  017,  epithelium  li 
638. 

Ohoriaia  ii  532 ;  negative  533, 
11540;  of  stamen  11535. 

Ohromosome  -  reduotioii*  in 
formation  of  megaspore  ii  6^5 ; 
in  gametophyte  of  Blytiia  ii  8 ; 
in  pollen-sac  ii  598 ;  in  spore- 
development  ii  596. 

Ciar,  cotyledon,  asymmetry  i 
115. 

C.   subaphyllum,    leaf-thom   ii 

Cinchona^  stiimle,  ooncrescent  ii 
368,  protective  function  ii  363. 

C  succirubra,  stipule,  ooncrescent 
U37a 
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CinclidiMm,  spore,  shedding  ii 

164. 
Circaui,  light  and  led^fbnnfttion 

1256. 
C,  alfina,  lutetuma,  stolon,  de- 

▼eiopment  ii  440. 
C.    intermedia,    hypsophyll   ii 

303;    shoot,   persistent   geo- 

philons  ii  46$,  transformation 

U464. 
Oivoinate,  dorsiTentral  inflore- 
scence in  Boragineae  i  136; 

leai^pez  in  Cyeas  Hiouarsii 

ii  332 ;  ptyzis,  absent  in  some 

PteridophyU  ii  ^ai,  in   leaf 

with  apical  growth  ii  3 10.  See 

also  Involution. 
Cirsium,  bristle  ii  398. 
CiitlnaM,    stamen,    basipetal 

socoession  ii  5^2. 
Cistus  populifohMS,  gynaecenm 

ii  565 ;  style,  formation  ii  565. 
Citrus,  adventitions  embryo  ii 

634;  kaf-thom  ii  430;  poly- 

embryony  ii  637. 
CUdode.    See  I^lloolade. 
CAm^Ma,  symmetry  and  direction 

i7a. 
C.  c$ccifera,  thallos  and  podetinm 

173. 
C  verticilUUa,  symmetry   and 

direction  i  73. 
Cladapkora,  filament,  branched 

i  33;    rhizoid,    development 

i  369. 
C.fracta,  vegetative  point  i  33. 
C  glomerata,  prclifera,  branch- 

Cladfsporium,  n>ore,  limited 
growth  throngh  starvation  i 
14a. 

Cladostephus  verticillatus,  long 
shoot  and  short  shoot  i  37. 

Clarkia,  pollen-sac,  sterilization 

ti555- 

C.  pulcheUa,  cotyledon,  inter- 
calary growth  ii  404 ;  petaline 
primordium,  branching  ii  536. 

OUw-hook  ii  430. 

ClayUmia  piffoUaia,  cotyledon, 
assimilating  ii  40a. 

OleistocarpotLB  Masd  U  i6a 

Oleiatogamy,  arrest  of  corolla 
through  loss  of  function  i  59 ; 
and  external  factors  i  245 ;  and 
light  i  345. 

Olematideae,  staminal  flag- 
apparatns  ii  550 ;  ovule,  arrest 

i59- 
Clematis,  flower,  arrangement  of 

parts    ii    531 ;    leaf-sphidle- 

climber  ii  431. 
C  afoHata,  arrest  of  adult  leaf 

i  167,  of  leaf  of  assimilating 

shoot-axis    ii    446;    juvoaile 

form  i  167. 
C.  caiycina,  ovary,  pluriovular 

iisoo. 


Clematis  Vitalba,  Uane-growth 

Clifionaeapectinata,  dorsiventral 
mvolutioni86;  dorsiventrality, 
significance  of  i  87 ;  shoot,  di- 
visioo  of  labour  i  4a 

Climacium  dendrddes,  branch- 
ing ii  133. 

Olimbing,  Aroideaei  157 ;  Cac- 
taceae,  reversible  dorsiventral- 
ity in  i  331 ;  Filioes  ii  346, 593 ; 
figs  i  159;  hook  i  9,  ii  334, 
346,^19, stipular  ii 371 ;  Marc- 
gravta  i  159 ;  organ,  leaf  as  ii 
4 1 9,  peltate  katajpiyll  as  H  334, 
shoot  as  ii  455,  sdpule  as  ii  371 , 
tentacle  as  ii  419 ;  plants  i  157, 
with  anchoring-root  ii  a8o; 
shoot,  symmetry  i  <)0,  flattening 
of  i  93 ;  by  tendnl  i  161. 

Clusia  alba,  polyembryony  ii 
637. 

OluBiftoeaa,  andioring-root  li 
388. 

Cobaea,  tendril  i  161. 

C.  scandens,  auricle,  ii  360 ;  leaf- 
form  i  10;  stipule  ii  360; 
transformaticm  of  leaf  into 
tendril  ii  433. 

Coccinia,  tendril,  nature  ii  435. 

C,  indica,  tendril,  develoimient 

11433- 
Cochlearia,  flower,  succession  of 

development  ii  543. 
Coces,  leaf-form,  development  ii 

327. 
Codium,  assimilation-shoot  and 

light  i  349. 
Ctoenobium,  definition  i  31,  34, 

Colchicum  atUumnale^  branching 

of  root  suppressed  ii  374. 
Coleochaete,  sporangium  i  19. 
Ooleoptile  of  Gramineae  ii  415. 
Oolaorrhiss  of  Gramineae   ii 

415. 

Colletia,  dadode  ii  451 ;  juvenile 
fonn  i  168 ;  reversion  to  ju- 
venile state  ii  451. 

C  cruciata,  dadode  ii  451 ;  ju- 
venile form  i  168 ;  reversion- 
shoot  i  173 ;  shoot-thorn  i  168, 

"453- 
C.  spitwsa,  dadode  ii  451. 
Co&casia,  water-slit  at  leaf-apex 

"309- 

Oolony  i  35. 

Colour,  of  flower  ii  532,  551, 
and  light  ii  551 ;  of  Hepaticae 
and  heat  ii  78,  and  light  ii  77, 
and  transpiration  ii  78;  and 
sexual  or^  ii  10 ;  and  trans- 
piration of  fruit  ii  571. 

Columella,  of  Anthoceroteae  ii 
94;  ofMusdii  156;  function 

ii  157- 
Columnea,  anisophylly,  habitual 
i  113. 


Columnea  Kalbreyeri,  Schiede-^ 
ana,  leaf^  asymmetry  i  116; 
anisophylly,  habitual  i  113. 

Ccluroj  elater  ii  100 ;  gemma  ii 
51 ;  sporogonium  wiUioot  ela- 
terof^ore  ii  100;  water-sac 
ii6i. 

C.  JCarttem,  water-sac  ii  63. 

C.  amata,  eerminatloo  ii  61. 

C,  tartifoha,  amphigastrinm  ii 
61. 

Combretum,   searcher  -  shoot  ii 

454* 

Commelina,  flower,  dorsiven- 
trality i  131. 

C.  coelestis,  flower,  oblique  dor* 
siventral  i  138. 

Commelinaoeae,  flower,oblique 
symmetry  i  138 ;  leaf,  asym- 
metry i  117. 

OompMs-plant,  profile  position 
Ua94. 

Oomi>ensttlion  of  growtii  i  ao7, 
308. 

Oompelitlon  between  v^etative 
points  i  43. 

Oompoaitae,  bract,  arrested  ii 
397,  supprosion  i  59 ;  bristle- 
scale,  rdationship  to  hypso- 
phyll  ii  398 ;  capitulum,  rela- 
tionship of  size  ofpartsii  539,re- 
dprocai  pressure  in  177;  corolla 
ii  553>  unilaterally  split  ii  553; 
flag-apparatus,  correlation  of 
growtn  i  311;  flag-flower  ii 
571;  flower,  arrangement  of 
parts  ii  531,  concrescence  in  ii 
546,  evolntioQ  of  tubular  ii 
553,  retardation  i  57,  uneasm- 
tial  rygomorphy  i  130 ;  hypao- 

eylliT393,3p7;  lea^  inversioQ 
torsion  ii  3^;  shoot  as 
water-reservoir  ii  453. 

Compound  leaf,  coirelation  of 
growth  i  no. 

CoHchcphyllum  imbricatumfinnr 
sition  to  tubular  leaf  ii  338. 

Conoreaoenoe,  actual  ii  546 ;  of 
axillary  shoot  and  axillant 
leaf  ii  436 ;  congenital  i  53, 
in  flower  ii  546 ;  m  corolla  of 
Gamopetalae  i  53 ;  in  false 
septum  of  fruit  of  Crudfeiae 
153;  mAowerof Scifpodettdrm 
costatum  i  51 ;  in  gynaecenm 
ii  557 »  of  hair-root  of  Florid 
deae  i  54 ;  of  leaves  of  Hepa- 
ticae ii  43 ;  of  nuoellus  and 
integuments  ii  618;  of  oigans 
i  51 ;  of  ovule  and  ovary  ii 
630 ;  of  prophylls  of  Mono- 
cotyledones  ii  383  ;  of  pio- 
tonema- threads  ii  lai ;  of 
spadix  and  spathe  of  Ardkieae 
i  55;  in  staminal  tube  of 
Lobelia  i  53;  of  stipules  of 
adjacent  leaves  ii  368;  of 
stipules  of  one  leaf  ii  367. 
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Condiiotinff-bimdle,  iiinctioii  ii 

376. 

Oonduotton  of  water  in  Mar- 
chatUia  ii  34. 

Gone,  recipr(>cal  presnire  in, 
changing  form  of  organs  i  77. 

Cknflgtiration,  inflaeuoe  of  ex- 
ternal stimnli  npon  i  217;  of 
flower  and  distribntioii  of 
growth  ii  55  a  ;  of  halophytes 
and  environment  i  265 ;  of  leaf 
and  relationships  of  life  ii  545  ? 
of  oi^ans  and  mechanical 
stimuli  i  268 ;  of  sporophjUs, 
cause  ii  473. 

OonfltMnce,  of  flower  parts  ii 
538 ;  of  pollen-sacs  ii  554. 

Ooxifoniii^  in  development  of 
antheridia  and  arch^onia  in 
Pteridophyta  ii  185. 

Oongenital,  concrescence  i  53 ; 
concrescence  of  flower  ii  540. 

Oonifarae,  anther,  crisU  ii  516, 
shield  ii  516;  arch^oniom 
ii  620 ;  iMsiplastic  laminar 
growth  ii  31a  ;  branching  and 
phyllotaxy  i  82 ;  carpel  ii  518 ; 
cone,  reciprocal  pressure  i  77; 
cuttings  root  feebly  i  51 ;  dis- 
locator-cell  ii  614;  embiyo- 
geny  i  208;  emlnyo-sac-ger- 
mination  ii  631,  and  stimulus 
of  pollen-tube  ii  623;  epinasty 
i  85 ;  exosporium  cuticnuuized 
and  embryo-sac  ii  626 ;  flower, 
colour  ii522, 551;  flowerfemale 
ii  518,  biological  relationships 
il  533,  formation  and  restricted 
growUi  i  212,  hypothesis  of 
evolution  ii  525,  or  inflore- 
scence ii  524,  malformatioo  ii 
524,  morphology  ii  524, 
position  ii  523,  virescence  ii 
525 ;  flower  male  tt  499, 514 ; 
hyponasty  i  85 ;  inflorescence  ii 
5 18 ;  juvenile  form  i  I53,sexual 
omns  i  146 ;  leaf-cushion  ii 
509;  leaf-insertion  i  93;  mega- 
proUiallus  depends  upon  pol- 
lination ii  624 ;  ovule  ii  628, 
bitegminous  ii  628,  lie  in  the 
flower  ii  523,  sterilization  ii 
628;  pollen-grain,  germination 
ii  614;  pollen-sac  ii  610^  open- 
ing ii  610;  pollination  li  523; 
prothallus,  male  ii  614;  re- 
production, capacity  i  143; 
root,  hairless  ii  269;  rosette 
of  jirchegonium  ii  029;  seed, 
correlation  in  development  i 
208;  shoot,  correlation  and 
direction  i  214,  dorsiventral 
lateral  i  93 ;  short  shoot  and 
long  shoot  ii  444;  spermato- 
cyte ii  614;  spermatosoid  ii 
6ia;  sporangium,  embedded 
and  free  ii  574 ;  sporophyll  as 
sterilized  sporangium  ii  517; 


stamen,  variation  in  one  flower 

Ck>imeotiTe  of  anther  ii  553. 

ConomUrium,  hair-protonema 
from  calyptra  il  154. 

Conostomum,  spore,  shedding  ii 
163. 

Oontaot-stimaliis,  and  disks  on 
tendrils  i  268  ;  and  hair-roots 
and  anchoring-organs  i  269. 

CowoaUaria^  leaf  ii  450. 

C,  majalis^  leaf  and  environ- 
ment ii  298. 

C  Pofygonahtm,  inflorescence, 
unilateral  i  137. 

Coprinus  ephemtnts,  plicatilis, 
s/encorartHs,  sporophore  mal- 
formed in  darkness  i  258. 

C  mtfeus,  nycthemerusj  sterile 
in  darkness  i  259. 

C,  siercorarius^  r^eneration  of 
cortex  of  sdootium  i  50. 

ComilarrhUa^  rootless  shoot  ii 
234. 

C.  infuitUy  rootless  ii  265. 

Cordyliniy  gravity  and  formation 
of  oreans  i  224. 

Coriandrum^  flower,  unessential 
zygomorphy  i  130. 

Coriaria^  carpel  and  ovule,  de- 
velopment  ii  561 ;  ovule,  axil- 
lary to  carpel  ii  561. 

C.  w^trtifoHat  gynaeceum  ii  561. 

Ctorolls,  confluence  of  parts  ii 
538  ;  of  Compositae  li  553 ; 
radial,  evolution  of  ii  553 ;  size 
and  light  ii  551. 

Oorrelatioiii  205 ;  arrest  through 
i  58, 208 ;  bract  and  leaf-sheath 
of  Umbelliferae  i  59 ;  in  bud- 
scalesi2i6;  inbudsoftreesi58, 
208 ;  in  axillary  buds  oi/ugians 
regia  i  209;  carpel  and  ovule 
i  59 ;  cotyledon  and  hypocotyl 
ii  260,  oiStreptocarptai  2 10 ;  in 
direction  of  root  i  214 ;  in  em- 
bryogenyi  208;  infloweri  211, 
flag-apparatus  i  211 ;  in  fruit  i 
208,  212 ;  in  leaf!  209,  com- 
pound i  210;  inleaf-formi  215 ; 
leaf-lamina  and  stipule  i  210 ; 
leaf-size  and  shoot-axis  i  211 ; 
leaf-stalk  and  lamina  ii  300; 
in  oreans,  direction  i  214, 
reproductive  and  vegetative 
i  142,  212 ;  in  prothallus,  and 
embrjro  i  142,  and  sexual  or- 
gans 1 58 ;  qualitative  influence 
i  214;  Quantitative  influence 
i  207;  rnizoid  and  water-sac 
ii  45 ;  in  root-system,  direction 
i  314;  seed  and  flower  i  58, 
208 ;  in  shoot,  leaf  and  bud  i 
209;  in  shoot-system,  direc- 
tion i  214,  of  potato  i  215 ; 
sporangium  and  leaf  of  SeiO' 
gineUa  i  216;  in  sporophyll- 
form  of  Ptoridophyta  i  215; 


in  stipule  i  210;  in  tendril, 
formation  i  3i6 ;  in  thorn, 
formation  i  215  ;  of  growth, 
interpretationi  209 ;  vegetation 
and  reproduction  i  212. 

Corsinia,  antheridium,  develop- 
ment ii  13;  embryo,  chloro- 
phyllous  ii  105 ;  scale  ii  30 ; 
sexual  omns,  grouping  ii  84  ; 
spore,  cell-wall  ii  100,  rapid 
germhiation  ii  107;  sporo- 
gonium  contains  spores  and 
nutritive  cells  ii  98. 

C^<&i/iJ,cotyledon,assimilating 
ii  402 ;  flower,  transverse  dorsi- 
ventral i  128. 

C.  cava,  embryo,  retarded  ii  250 ; 
geophilous  shoot,  depth  in  soil 

C,  clavtculaiOt  transformation  of 
leaf  into  tendril  ii  421 ;  transi- 
tion from  leaf  to  tendril  i  10, 
161. 

C  soHdattmhrjo,  retarded  ii  250; 
inheritance  of  peloria  i  184. 

Ck>rylaoeae,  basigamv  ii  615. 

CotyluSf  flower,  position  of  male 
and  female  ii  472;  laminar 
growth,  pleuroplastic  ii  312; 
feaf-lamina,  branching  ii  312 ; 
ovular  development  after  pol- 
lination ii  623 ;  ovule  formed 
by  stimulus  of  pollen-tube  i 
269. 

C.  Avellana,  phyllotaxy,  varia- 
tion i  ^ ;  snoot,  dorsiventral 
lateral  1  ^, 

C,  Columa,  shoot,  dorsiventral 
lateral  i  97. 

Ck>t7lar  storage  ii  257,  401. 

Cotyledon  C/mH/iats^rtialdaDship 
of  leaf  to  shoot-aids  1114. 

Ootjledon  ii  400;  arrested  form 
of  foliage-leaf  ii  400,  403; 
assimilation-organ  ii  402  ;  a- 
svmmetry  i  115,  ii  400,  cause 
ii  407;  broad  ii  406;  convolute 
ii  406 ;  developmental  stage  of 
foliage-leaf  ii  402  ;  difiierentia- 
tion  &  Monocotyledonesii  408 ; 
of  Dicotyledones  ii  402 ;  emar- 
ginate  ii  407 ;  epigeous,  simple 
configuration  il  403;  factors 
of  configuration  ii  405 ;  feuilles 
seminales  of  A.  P.  De  CandoUe 
ii  400 ;  haustorium  ii  401, 410 ; 
intercalary  growth  ii  404; 
lobed  ii  407,  411 ;  mesocotyl 
ii  412;  middle  portion  hi 
Monocotyledones  ii  410;  nar- 
row ii  406;  pelUte  ii  334* 
persistent  ii  235,  403 ;  piston 
ii  402;  post-emlnyonal  develop- 
ment ii  404 ;  protective  ii  401  ; 
protophyll  of  Du  Petit  Thouars 
ii^oo;  of  Pteridophyta  11400; 
resembling  foliage-leaf  ii  402  ; 
reservoir  of  reserve-material 
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11357,401;  ghcath  In  Monoeo- 
tyledones  11408, 410;  ofSper- 
mof^yU  11 401 ;  tiAiitltloii  be- 
tween epigeoos  and  hypofi;eoat 
U  403 ;  transition  to  fofiage- 
leaf  li  40^;  tnber  11  257  ;  and 
hjpocotyi,  correlation  lH  size 
H  a6o. 

Craniiia  /inearis,  cjllndric  leaf 
by  reduction  11  395. 

Oraasnlaoeae,  branching  and 
phyllotazy  1  8a. 

Cratoigus,  reversion  of  thorn- 
shoot  to  foliage-shoot  11  453. 

C.  OxyacoHihOf  thom-twig  ii 
453. 

C.  jyracoMiAa,  thorn-develop- 
ment 1  364. 

Oreeping  shoot,  symmetry  i  90 ; 
flattening  i  ^a ;  with  distichous 
phyliotaxy  1  90. 

Crepis  bietmis,  inheritance  of 
faadatlon  1  185. 

Created  leaf  11  345. 

Crimtm,  embryo-sac,  haostorlom 
11  6ao,  many  11  618;  endo- 
sperm, development  ii  618; 
ovale,  ategminy  11  618,  mdl- 
mentarv  U  6ao. 

Orlsto  of  anther  of  Coniferae  11 
516. 

Crocus,  root,  dimorphism  11  371. 

C.  longifhruSf  puU-root  11  371 ; 
root,  dimorphism  11 371 ;  root- 
development,  periodic  li  aoo. 

C,  vermis,  embryo,  retarded  11 

OrooifarM,  bract,  arrested  i  57, 
11  397;  bract,  developed 
through  Phytoptus  1  105; 
blanking,  axillary  11 433,  with- 
ont  azillant  leaf  11 433 ;  cotyle- 
don, emarginate  11 407 ;  flower, 
arrangement  of  parts  ii  531, 
stractnre  li  5^3,  stmctnre  in 
relation  to  pollination  11  547, 
unessential  zygomorphy  1 130 ; 
fruit,  concrescence  in  false  sep- 
tum 1  {3;  hypsophyll  11  397; 
ovarr,  ndse  septum  U  565,  uni- 
locular becoming  plurilocular 
11  565;  staminal  primordium, 
branching  ii  536. 

Cryptocoryne  ciliaia,  viviparous 
germination  11  356. 

Cryptomeria  japonica,  flower, 
female  ii  531. 

Cucumis  sattva,  tendril,  develop- 
ment 11  434. 

Cucurhita,  flower-buds  do  not 
unfold  in  darkness  1  343 ;  root, 
experimental  malformation  1 
1 91 ;  tendril,  splrally-bnuiched 
11436. 

C.  Pepo,  root-hair,  suppressed  in 
water  H  369;  seedling,  etio- 
lated, flowering  1  343. 

Ooonrbitaoeae,    stamen,   con- 


fluence ii  539;  tendril  1  164, 
development  li  433,  Milller's 
investigations  il  43^,  prophyl- 
lar  ii  384,  teratological  pheno- 
mena 11  438. 
Cunninghamia^  flower,  female  11 

CuMcnia  capensis,  stipule,  de- 
velopment 11  364,  protective 
function  11  363. 

Cupkea  Zimpani,  archeqxmum 
of  ovule  ii  601. 

Oopreasineao,  branch-system 
and  light  i  330 ;  flower,  female 
11  531,  morphology  ii  534; 
juvenile  form  i  153,  cuttmg  1 
45 ;  ovule,  sterilization  11  638, 
unltegminous  11  617;  poUen- 
sac,  opening  11  610,  position 
11515;  prothallus,  male  11614; 
reversioQ,  its  cause  i  173, 
shoot  i  17a;  seed,  protection 
of  ripening  ii  533  ;  stamen  ii 
500,  515. 

Cupressus,  juvenile  form  i  i  K4. 

C.  LawsoHiama,  flower,  female  U 
5". 

Onpollllwae,  cotylar  storage  ii 

257- 

Curculigo,  significance  of  £ui- 
shaped  leaves  11 336 ;  venation 
ii  340. 

CusaUa,  embryo,  reduced  ii  354; 
haustorium  ii  3  34,  development 
through  contact-stimuli  1  368; 
root,capless  chief  11 368;  scale- 
leaf  without  vascular  bundle  ii 
393. 

Oaticolariaod  exosporlum  and 
embryo-sac  in  Gymnospermae 
ii6s6. 

OattincofConiferaerootsfeebly 
i  51 ;  of  leaf  i  46 ;  gravity  and 
formatioo  of  omns  in  1  333; 
interpretation  oTposition  i  45 ; 
of  GMueraceael  46;  of  juvenile 
form  of  Cupressineae  i  45 ;  of 
Klugia  Notonuma  i  40 ;  of 
PkyUanthus  la/kyrauUs  i  $1 ; 
propagation  by  i  45 ;  of  stro- 
bilus  oi  Seltigi$teUa  ii  476. 

Oyanophyoeae,  in  letSofAMoikt 
11  348 ;  in  root  of  Cycadaceae 

11383. 

Oyatheaoeae,  antheridium,firee, 
opening  ii  177;  prothallus  ii 
199,  branching  11  300,  hair  ii 
1999  septate  rhizoid  11  188; 
sporangia,  basipetally  de- 
veloped 11  496;  sporsinglum, 
opemng  11  588. 

Cyaihcdium,  air-cavitiesil  73, 75 ; 
apical  cell  ii  31;  protective 
cell-rows  11  3a 

C.  catfemarium,  suppression  of 
trabecular  rhizoids  li  aJ, 

Oa/^AtfnM«,anisophvlly  i  100. 

Cpetmatum,  anisophylly  i  loi. 


CpimuUum,  cell  for  uptake  of 
water  ii  148. 

07oadaoem«,  air-root  ii  a8i ; 
Anaboina  in  root  ii  a8a ;  an- 
theridium  ii  61 3 ;  archegoninm 
11613,639;  carpel  11511,555; 
Cyanophyceae  m  root  ii  a83 ; 
embryo-sac,  germinafioo  li 
631 ;  exosporlum  cnticulaziBed 
and  embryo-sac  ii  636;  hau- 
storium in  germinating  pollen- 
grain  ii  013;  lea^  develop- 
ment ii  313.  333,  abortion  of 
pinnule  ii  ci  i ;  ovule,  develop- 
ment 11 636,  foliar  origin  ii  5^6, 
int^ument  ii  616,  mai^^^inal  ii 
51 1,  position  ii  514,  primitive 
character  ii  6a6,  and  sporan- 
gium of  Pterldophyta  li  6t6 ; 
pollen-chamber  ii  61  a ;  poUcn- 
gratn,  germination  ii  613; 
poUen-sac  ii  610;  pollen-tube 
li  613,  acrogamous  11 613,  rup- 
ture ii  613;  pollen-tube-odl, 
nature  ii  613;  pollinatioQ  ii 
513 ;  prothallus,  male  ii  613 ; 

rothallus  without  pollination 
633;  spermatozoid  ii  613; 
spermatocyte  ii  613;  wgotO" 
phyll  11  M I ;  stamen  ii  514. 

Cycas,  archegoninm  11  63<k  in 
unpoUinatra  ovule  ii  633; 
flower,  female  ii  511,  explana- 
tion of  form  11  5i>>  unlimited 
growth  11 470 ;  flower,  relation- 
ships ii  513 ;  root,  symbiosis  ii 
383;  seed,  laigeii  513;  shoot- 
transformation  ii  440 ;  sporo- 
phyll,  sterile  ii  511. 

C  cirdnaUs,  carpel  ii  511 ;  sta- 
men 11  514. 

C,  Jtnkinsiana,  leaf,  succession 
of  pinnules  ii  333. 

C  NormanbyoMa,  ovules  reduced 
to  two  ii  513. 

C.  rtvoiuta,  carpel  11  511. 

C.  Siipummi,  \taS,  acropetal  soc- 
cession  of  pinnules  il  33a. 

C.  Tk^tiorsii,  apical  growth, 
prolonged  ii  333;  leaf-apex 
drcinate  11  333. 

Cyclamen,  cotyledon  resembles 
foliage-leaf  ii  ^3. 

Cyclanihera,  pollen-mother-oell 
ii  630;  polien-sac,  confluence 

C  expiodens,  tendril,  natue  11 

4^5- 
C  pedcUa,  androedum  ii  539; 

tendril,  nature  11  435. 
CyclatUhus  bipartUus,  split-lea( 

development  ii  336;  ^>littii^ 

of  Iftfnina  through  tensions  u 

328. 
Oylio  position  in  phyllotaxy  i  8a 
Oylindrio  leaf,  dv  reductioo  11 

395 ;  in  Australia  11  393 ;  of 

/avfOtf  11 447. 
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Cymbidiumy  nest-root  ii  283. 
C^rmose  branching  of  leai  in 

Dicotyleddnes  ii  331. 
Oynarefte,  hypsopbyll  as  bristle 

U398. 
Oynips*gall,  origin  i  198. 
Cynips  Rosae^  effect  upon  oak  i 

Cynomorium^  acrogamy  ii  615. 

C,  toccituum,  aporogamy  ii  615. 

Oyperaoeaa,  cotyl^on  ii  41 1 ; 
flower-structnre  and  pollina- 
tion ii  547 ;  mesocotyl  ii  413. 

Cyperus,  expanding  prophyll  ii 
383 ;  i>byllotaxy  ii  44a. 

C  aUtmifoliuSy  cotyledon  ii  41 3 ; 
fleshy  expanding  prophvll  ii 
384,^^3;  foliage-loif  on  shoot- 
axis  ii  447 ;  germination  ii  413. 

C.  decompositusy  gennination  ii 

414- 

Cypripedium  CakeoluSy  hypso- 
pbyll ii  391. 

Cystopteris  buHdfera,  kataphyll 
as  storage-organ  il  350. 

Cytisus  Laburnum^  branching, 
axillary  ii  433 ;  leaflet,  asym- 
metry i  laa. 

D. 

Dacrydium     CoUnsoit     flower, 

female  ii  530. 
DactyliSy    inflorescence,    doisi- 

ventral  i  134. 
Z?.  glomerata,  leaf,  development 

ii  323,  function  of  closed  sheath 

ii  323;  ligule,  significance  ii 

377- 

DaedaUa  quercinOy  light,  direc- 
tive influence  i  357. 

Danaiy  inflorescence,  position  il 

450- 

D.  racemosa^  leaf  and  phyllodade 

ii  450- 
DoMOMy  protballns  ii  198,  sep- 
tate rhizoid  ii  198 ;  synangiom 

H  585. 

Dammar a^  flower,  female  ii  52 1 ; 
ovule,  integumentary  wing  ii 
628. 

Darkneac  and,  deistogamy  of 
Tropaeolum  i  243 ;  dorsiventral 
aerial  root  i  246 ;  flower,  pro- 
duction i  243 ;  flower-buds  not 
unfolding  i  243;  fiructifica- 
tion  of  Fungi  i  258 ;  growth 
of  Fungi  i  257 ;  sterUity  of 
Fungi  i  258. 

Darwin,  definition  of  a  monstro- 
sity i  178. 

Datura,  adhesion  of  bract  ii  439. 

Daucus  CarotOj  bract  i  59. 

DafvalUa^  sporangium,  develop- 
ment and  displacement  ii  495. 

Damumia  supirba,  spore,  shed- 
ding ii  166. 

Be  Oftndolle,  definition  of  'plan 


of  structure '  ii  533 ;  definition 

of'type*  11533. 
DeoiduotLB  tree,  arrest  of  latent 

buds  158. 
Deounent  leaf-base  as  wing  ii 

488. 
D^onblmnent  ii  532 ;  negative 

ii534. 

Dehifloenoe.    See  Opening. 

Delesseria  Leprieurii,  division 
of  labour  amongst  shoots  i  3^. 

Delphinium,  flower,  double  il 
537;  homed  petal,  develop- 
ment ii  560 ;  ovule,  unitegmi- 
nousii  617. 

D,  cashmirianum,  ovule,  uniteg- 
minous  ii  617. 

DtmaHumpulhdans,  malforma- 
tion, experimental  i  187. 

Demodium  gyrans,  cotyledon, 
asymmetiy  i  1 15. 

Dendroceros,  leaf  ii  35 ;  retention 
of  water  ii  56 ;  sporogonial 
germination  ii  100;  water- 
storage  ii  76. 

Z).  crispus,  leaf  ii  36. 

D.foliatuSy  leaf  ii  35 ;  hood  on 
thallus  ii  56. 

D,  inJUUus,  leaf  ii  36 ;  sponge- 
tissue  of  thidlus  ii  56. 

Dennatadtlnsae,  n)oran£ia, 
basipetally  developed  ii  49S. 

Depth  in  soU,  of  geophilous  shoot 
ii  ^65 ;  of  tuber  of  Arum  ii 

Derangement  of  organs  in  mal- 
formation i  196. 
Derris  elUptica,  searcher-shoot  ii 

454* 

Desmodium,  stipel  ii  380. 

Desmoncus,  climbing-hook  ii  42 1 . 

Deutsia,  leaf-insertion  i  93;  shoot, 
dorsiventral  lateral  i  93. 

Derelopment  of  leaf,  Massart*s 
views  ii  305 ;  sterilization  as  a 
£sctorii  517,  60K. 

Developmental,  histoiy  of  or- 
gans in;  series  of  antheri- 
dium  of  Pteridophyta  ii  180; 
stages  in  relation  to  light  i  238. 

DiatUhus  barbaius,  staminalpri- 
mordium,  branching  ii  530. 

D,  CaryophyUus,  double  flower 

ii  537- 
Diapensta,  syncarpous  superior 

ovary  ii  563. 
Diatomaoeae,  colony  i  29. 
DicttUra  Cucullaria,  leaf,  dual 

function  ii  398 ;  storage-leaf  ii 

Duhelyma  falcatum,  synmietry 
and  environment  ii  135. 

Diohotoiny  of  leaf  in  Dicotyle- 
dones  ii  329. 

Dicksoma  antarctica^  branching, 
latoit  capacity  ii  431 ;  sporan- 
gium, development  and  dis- 
placement ii  494. 


Diokaonleae,  prothallus  ii  aoo ; 
sporan^pa,  basipetally  deve- 
loped il  496. 

Dicntmon  semicryptum^  intra- 
sporangial   spore-gennination 

Diootjledones,  antipodal  cells, 
increase  in  number  ii  637; 
cladode  11451;  cotyledon  11257, 
402 ;  embryo,  storage  of  food- 
material  ii  257,  retarded  ii  249, 
of  saprophyte,  reduced  ii  254 ; 
embryo  -  sac,  absorption  of 
ovularcellsii637;  flower-struc- 
ture in  relation  to  pollination 
ii547;  hetcrophylly  11351, 358; 
hook -leaf  Ii  430;  laminar 
growth,  basiplastic  ii  3 1 2 ;  leaf- 
apex,  precedence  in  growth  ii 
310;  leaf,  of  aquatic  and 
marsh  plants  ii  358,  base  ii 
299,  branching  ii  329,  in- 
terruptedly-pinnate ii  331,  in- 
version by  torsion  U  296, 
peltote  ii  333,  stalk  ii  301, 
tendril  ii  421,  tubular  ii  337 ; 
mmsporoc3rte,  tetrad-division 
ii  025 ;  ovule,  ategminous  ii 
618 ;  ovular  development  after 
pollination  ii  623 ;  phyllodade 
11451;  prophyll,position  11382 ; 

Srotocorm  ii  232 ;  root,  shoit- 
ved  primary  ii  272 ;  rootless 
ii  265;  shoot,  adventitious  ii 
276;  stipel  ii  379;  stipule, 
axillary  li  373;  thorn-root  ii 
288;    venation,   reticulate   ii 

338. 
Diootyloos  venation  ii  338, 342. 
Dicraea  eUgaeformis,  haptera  ii 

281 ;  root,  dimorphism  ii  280, 

flattened,  in  relation  to  light 

1247. 
D,   eHmgata,  haptera   ii    a8i; 

root,  dimorphian  ii  280. 
Dicranaoeae,  spore,  shedding  ii 

163. 
Dicranumt  dwarf  male  plant  ii 

151. 

D.  aibidum,  uptake  of  water  by 
leafii  145. 

D.  scoparium,  unduUUumf  leaf- 
apex  photophilous  ii  135. 

DictyosUlium  mucoroides^  life- 
histpry  i  26. 

Didymaea  mexicana^  climbs  by 
recurved  stipule  ii  371. 

Diefytra,  change  of  function  of 
leaf  19. 

Different  galls  produced  by  one 
gall-wasp  1 199. 

Diflbrentiation,  of  plant  body  1 
3 ;  theory  i  6. 

Digitalis,  inflorescence  unilate- 
ral i  137. 

D.  purpurea,  colour  of  flower  in 
light  ii  551 ;  peloria  i  190 ;  in- 
florescence unilateral  i  136. 
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Dicitote  lemf,  by  branching  in 
AMthurium  digUatum  ii  325 ; 
of  Dicotyledones,  bmsipeUl 
bnuiching  ii  330;  relation  to 
pinnate  leaf  ii  332. 

DinMTOoa  gynaecenm  ii  558. 

Dimorphiam,  of  gemma  li  49 ; 
of  root  ii  371,  aSo,  386. 

DinclMT  on  origin  of  leaf  £rom 
flattened  ihoot  ii  453. 

Dioeoiam  and  monoecitm,  of 
Hepaticae  ii  80 ;  of  Masd  ii 
150;  of  ^metophyte  of£qmie- 
taceae  ii  195. 

DUnaea,  gynaeceom,  paracar- 
pooi  ii'  558 ;  plaoentation  ii 
566. 

D,  muscipulay  fiynaecenm  para- 
carpoosii  ffXt, 

Dioon^  flower  ii  5 1  a. 

D.  tduU,  carpel  ii  513. 

Dioscorea^  adyentitioiis  ihoot, 
position  ii  377. 

D,  prehensilis^  spinosa^  thorn- 
root  ii  388. 

Dioaooreaoeae, leaf-stalk  ii  399. 

DiphylUia  cymosa^  lea(  peltate 
and  non-peltate  ii  336. 

Dipkysciumy  hanstoriam  of  em- 
bryo ii  157;  hypsophyll  ii  136  ; 
leafy  apical  segmentation  ii 
133 ;  mudlage^iair  ii  138 ; 
paraphysesii  151 ;  protonema, 
weaal  organs  of  assimilation 
ii  131,  threads,  concrescence  ii 
131 ;  spore,  shedding  ii  164; 
sporogoninm,  dorsiventral  ii 

574. 
D.joUosum^  flattenine  of  snrface 

in  light  i  349 ;  leaf-form  ii  1 35 ; 

sporogoninm,  dorsiventral  and 

lthtT337. 
Dtpiastum  (Asplenium)  esculen^ 

tmm,  transformation  of  root 

into  shoot  ii  337. 
Dipaaceae,  flower,  unessential 

zygomorphy  i   130;    hetero- 

phylly  ii  351,  explanation  ii 

Dtpterocarpus  alcUus,  stipule, 
concrescence  ii  367. 

DireotiTe  iuflaence  of  external 
£M;torsi  318,  327,  357. 

Dischidia  RaJUsiana,  tnbular 
leaf  ii  338. 

Diaeasa,  definition  i  178. 

Diak,  anchoring  i  40,  150,  368, 
ii  45, 334. 

IMalooator-oell,  of  Coniferae  ii 
614;  suppre^ed,  in  Angio- 
spcrmae  li  614,  in  Gymoo- 
spermaeii  614. 

Dtqplaoemant,  of  axillary  shoot 
ii  4^ ;  of  lateral  organ  i  74 ;  of 
leaf  in  Hepaticae  ii  41 ;  of 
sporangium  in  Schizaeaceae  ii 
4^;  through  diminution  in 
size  of  organ  i  80. 


Dissochoita,  root-tendril  ii  387. 

DiTided  submerged  leaf  ii  358. 

DiTiaion  of  antl^  ii  ^54. 

DiTlaion  of  labour  1  31 ;  in 
leaves  in  Acacia  verticiUata  ii 
357 ;  in  shoot  ii  440 ;  in  spo- 
rangia ii  577  ;  in  Thallophyu 

Doodya  caudata^  antheridium, 
frw  and  embedded  U  177; 
apogamy  ii  330 ;  juvenile  form 
and  revcnioo  i  153 ;  vegetative 
development  increased  through 
suppression  of  reproductive 
organs  i  314. 

Doraal  leaf-rows  in  Filices  i  91. 

DoratTentral,  bilateral  shoot  of 
Muad  i  68 ;  branching  of  or- 
thotropous  shoot  i  71 ;  coo- 
struction  due  to  lie  ii  396; 
flower  derived  from  radial  i 
I39t  133;  involution  i  85; 
organ,  definition  i  67;  and 
radial  flower,  relationship  ii 
544;  shoot,  relationships  of 
position  in  i  85 ;  structure,  of 
shoot-axis  of  Urtica  dioica  ii 
54K,  of  Hepaticae  i  84;  type 
in  Musd  and  Hepaticae  ii  18. 

DoraiTentrmlitjyand  conditions 
of  life  i  86;  of  flower  i  138, 
an  adaptation  i  133,  of  An- 
giospennae  ii  543,  cause  i 
133,  development  ii  543, 
and  external  factors  i  139, 
lateral  i  133,  origin  ii  543, 
pressure  as  a  factor  ii  544,  of 
Selaginella  ii  507  ;  of  inflore- 
scence i  67,  139,  134,  in- 
fluenced by  external  factors  i 
138 ;  of  leaf  ii  293,  of  Mono- 
cotyledones  ii  333;  and  light 
i  337,  in  Lycopodium  i  104 ; 
of  prothallus,  of  Filidneae  and 
light  i  32^,  338,  of  Lyco- 
podineae  ii  193,  of  Pterido- 
phyta  and  light  ii  191,  of 
Pteridophyta,  inheritance  ii 
191 ;  reversible  i  338,  331 ; 
of  root  and  lidiit  i  346;  of 
aerial  root  ii  384 ;  of  shoot  i 
84,  of  Lycopodium  conplana- 
turn  ii  419,  of  Hedera  i  99,  and 
light  i  330,  lateral  i  93,  of 
Musci  ii  1 38,  sexual,  of  Radula 
ii  89,  and  radial  flower  of 
Lycopodium  complanatum  ii 
509 ;  of  stem  191;  of  sporan- 
gium ii  574,  581 ;  of  sporo- 
goninm mDiphysciuM  ii  574 ; 
of  q>orophyll  of  Ophioglos- 
saceae  ii  483;  signincance  in 
Algae  i  87. 

Dotstema,  inflorescence,  dorsi- 
ventral  i  134. 

Double,  fertilization  of  Angio- 
spermae  ii  634 ;  flower  ii  536, 
artificial  production  of  i  194, 


transmissible  by  seed  i  184; 
leaf  of  Caprifoliaoeae  i  190 ; 
needle  of  Fitms  AtmiHo  ii 
445,  of  Sciadopitys  ii  444. 
Doabling,  of  flowers,  Peyritsdi 
1  195;  oi  flower  through 
Phytoptus  i  195 ;  of  stamen  ii 

Dracaena^  cotyledon,  epigeous 

D.  itUMfisa,  haustorial  cotylar 
tip  ii  408. 

DracuHculus,  basal  laminar 
growth  ii  334. 

Drapamaldiat  chief  axis  and 
lateral  axes  i  34. 

D,  glomtrata^  rluzoid,  develop- 
ment i  369. 

DnpanophyUum^  bilateral  shoot 

iii37- 
Z>.  falcatum^  protonona-thread 

on  stem  ii  147. 
D,  fidvum^  distichous  shoot  ii 

136. 
Drip-tip,  biological  significance 

"345. 
Drosera,  dorsiventral  involution 

i  85 ;  epithelium  of  ovule  ii 

638;  primary  leaf  noQ-pdtate 

ii  336. 
D,  binata,  leaf,    dichotomy  u 

339;  involute  ptyxis  ii  310. 
D.  dichotoma,  involute  ptyxis  ii 

310. 
D,  macrantka^  stem,  dimbing 

by  tentacles  ii  419. 
D/pedata^  leaf,  didiotomy  ii  339. 
DroaeraooM,  leaf-«pex,  prece- 
dence in  growth  ii  310. 
DrosopkyUum^  revolute  ptyxis  ii 

310. 
D,  lusitanicum^  drcinate  ptyxis 

11311. 
Drought,  resting   state  and  i 

361. 
Dry»deaa,  monomerous  ovary 

ii  559-  ,      , 

Drymoglossum  suocordatum^  ste- 
rile and  fertile  leaf  ii  485. 
Dryophanta  fotii^    gall    upon 

oak-leaf  i  199. 
Duchesnoa   indica,  shoot,  {da- 

giotropous  ii  457. 
Dulongia  acuminatOy   epiphyl- 

lous  inflorescence  il  437. 
Dumontiafiliformii^  pro-embiyo 

1149. 
Dumortiera,  air-cavities  u  73; 

antheridiophore    and    ardie- 

goniophore    ii   87 ;    riiizoid, 

division  of  labour  ii  47 ;  scale 

ii  30- 
D,  hirsuta^  riiizoid-bristie  ii  47; 

scale  ii  33. 
Doplax  gemma-odl  of  Ammra 

1149. 
Duration,  of  apical  growth  of 

Ginkgo   ii    333 ;  <3  juvenile 
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form  i  145 ;  of  life  of  prothalliis 
of  PteridophjU  ii  189;  of 
shoot  of  Spermophyta  ii  440, 

Duvaliaj  aii^cavities  ii  75. 

Duvcmaf  gall  i  199. 

Dwarf  male  plant  of  Mnsci  ii 
151. 


E. 

XSarlier  fimctioDing  parts  appear 

earliest  ii  305,  314,  414- 
Eccremocarpusj    transformatioii 

of  leaf  into  tendril  ii  433. 
Eckinocereus  cinerascens^  gravity 

and  shoot  i  aai. 
Sotocarpeae,  javenile  form    i 

150. 
Ectocarpus^  light  and  vegetative 

organs  i  250. 
EdtmaniAus,  leaf,  linear  ii  351, 

mistalked  ii  301. 
E.  Pumilict  hypsophyll  ii  391 ; 

leaf,  linear  ii  351. 
Sgg-spparatos  of  Angiosper- 

mae  ii  636. 
Egg  of  Pteridophyta  ii  184. 
Etchhomia    OMurea,  revmion- 

shoot  i  172. 
E,  crassipes,  venation  ii  340. 
liiohler  on  leaf-development  ii 

304. 
IQjeotion,  of  gemmae  ii  49, 467 ; 

of  spores  ii  loi,  i6a,  580. 
maeagnaceae,  hair,  peltate  ii 

336. 
Elapkogiossumy  sporangiom,  pro- 
tection ii  4q6. 
E.  {Acrostichum\  spaihu latum, 

sterile  and  fertile  leaf  ii  485  ; 

sporophyll  ii  496. 
ZOaterophorei       sporogoninm 

with  ii  100,  withoQt  ii  99. 
Blater,    of  Anihoceros  ii    95, 

100;  oiBattarea  i  19;  attached 

to  snrfisice  of  capsule  ii  100  ; 

free  ii  99 ;  holding  the  mass  of 

spores  ii  loi ;  mechanism  of 

movement  ii  100. 
'  Slaters/  oiEquisetum  ii  575  ; 

of  Polypodium  inibrictUum  ii 

Ehtostemma,  anisophylly  i  99, 
i  108,  habitual  i  100;  hypo- 
nasty  and  epinasty  i  o^. 

E.  sessile,  anisophylly,  habitual 
i  110. 

Xhnarginate,  cotyledon  ii  407. 

Bmbedded,  aatheridium  of 
PteridophjTta  ii  173 ;  embryo- 
sac  in  torus  of  loranthaceae 
ii  620;  sporangium  U  573, 
5749  5^4 ;  ^cl  free  sporan- 
gium, transitions  ii  57^ 

Bmbryo,  acotylous  ii  250 ; 
adventitious  ii  624;  after- 
ripening    in   Spermophyta  ii 


249 ;  chlorophyllous  of  Utricth 
laria  ii  254;  of  Cyperaceae  ii 
411 ;  development  mterrupted 
in  seed  ii  248,  401 ;  of  Musd 
ii  154;  dicotylous,  of  Pulsa- 
tilleae  ii  250 ;  differentiation, 
mon^olc^cal  ii  242,  in  Pteri- 
dophyta ii  243,  in  Spennophyta 
ii  244;  differentiation,  polar,  of 
Lycopodineae  ii  247,  of  Sper- 
mophyta ii  248;  feeding,  in 
Angiospermae  ii  637 ;  formed, 
from  antipodal  cells  ii  637 ,  from 
endosperm  ii  624,  from  syner- 
gidae  ii  637,  from  unfertilized 
t%g  ii  624  ;  of  Gramineae  ii 
415  >  gravity  and,  in  Pterido- 
phyU  i  219;  incomplete  ii 
249;  lie  in  relation  to  space 
in  embrvo-sac  ii  405  ;  macro- 
podous  ii  260 ;  of  Monocotyle- 
dones  and  exalbuminy  ii  408 ; 
orientation  of  omns,  of  Pteri- 
dophyta ii  246»ofSpermophyta 
ii  248;  parthenogenetic  11624 ! 
of  parasites  ii  254 ;  reduced  ii 
254 ;  retarded  ii  249,  cause  U 
25a;ofsaproph3rtesii  254;small, 
of  Begoniaceae  ii  631 ;  storage, 
hypocotylar  ii  258,  in  Dicotyle- 
dones  ii  257,  in  Monocotyle- 
dones  ii  260 ;  unsegmented  ii 
250 ;  viviparous  ii  356. 

IBmbryonal  tissue,  in  regenera- 
tion i  43 ;  originating  leaf- 
primordia  ii  305. 

Bmbryo-sac,  absorption  of 
ovular  cells  in  Angiospermae 
ii  637  ;  oiAconitum  Napellus 
ii  636;  of  Casuarina  strkta 
ii  633;  changes  within,  in 
Gnefumn  62g;  development, 
in  Balanophoreae  ii  621,  in 
Spermophyta  ii  635;embedded, 
in  Loranthaceae  ii  620 ;  feed- 
ing, in  Angiospermae  ii  637 ; 
germination,  in  Angiospermae 
ii  635,  intranucelUr  ii  623 ; 
haustorium  ii  620;  manv,  of 
Alckemilla  ii  633,  of  Crtnum 
ii  618,  of  Viscum  articulatum 
ii  620 ;  nucleus  ii  635  ;  origin 
ii  632  ;  significance  of  contents 
in  Angiospermae  ii  636 ;  varia- 
tions within  ii  637. 

Bmergence,  anchoring-organ  in 
Podostemaceae  ii  222  ;  defini- 
tion i  13,  ii  222 ;  prickle  ii 
429. 

Empusa  Muscae,  limited 
growth  in  starvation  i  142. 

Enation  in  Centranthus  Cold' 
trapa  i  195. 

Encalypta,  leaf-sur&oe,  papilla 
ii  143;  water-cell,  pierforated 

E,  vulgaris^  archegonial  venter 
a  water-sac  ii  153. 


Encephalartos  Barteri,  basipetal 
development  of  pinnules  ii  32  2. 

Bnomatation  of  shoot-axis  of 
Chora  ii  569, 

Bndogenetio,  adventitious  root 
of  marsh  and  water-plants  ii 
273;  first  root  oiLvccpodiuM 
ii  273  ;  flower-bud  of  Pilo^ 
styles  ii  236  ;  secondary  root  ii 
273;  shoot  of  Hepaticae  ii 
45;  stem-root  of  Neottia 
Nidus-avis  ii  273;  vegetative 
point  of  shoot  of  some  Gym- 
nospermae  ii  266. 

SndosxMrm,  absorption,  extra- 
seminal  and  intraseminal  ii 
403  ;  embryogenic  of  Balano- 
phora  ii  637  ;  feeding,  in  An- 
giospermae ii  637;  ruminate 
of  Areca  Catechu  ii  411; 
significance  in  Angiospermae  ii 
636 ;  small  in  B^niaceae  ii 
631 ;  of  Triticum  tfujfgure  ii 
415. 

Bndothaciom  ii  600;  active 
cells  ii  600,  611 ;  of  moss-cap- 
sule ii  155. 

Bnergid,  definition  i  23;  of 
Siphonieae  i  23. 

Bnergid-colony  i  34 ;  of  Proto- 
coccaceae  i  26;  of  Bediastrum 
i  37 ;  dominion  i  24. 

Bntomophiloosplant,  dorsiven- 
tral  inflorescence  1 135. 

ItaiTiroimient,  Fungi  and  their 
i  266;  and  fertile  shoots  of 
Equisetum  ii  502;  apospory 
a  consequence  of  ii  607 ;  and 
configuration  i  317. 

Ephedra,  archegonium  ii  629; 
embryo-sac,  germination  ii  63 1 ; 
flower  ii  526;  perianth-leaf, 
origin  from  dermatogen  i  17 ; 
unit^^miny  ii  629. 

i?/^x»^((^h!r,protonema,bnnch- 
ing  and  light  i  334;  pro-em- 
bryonal gemma  ii  1 36. 

E,  tjibodensist  protonema  ii  120, 
segment- walls  ii  119. 

Ephemerum,  columella  ii  157  ; 
juvenile  form,  extended  lite  i 
147 ;  male  and  female  plants, 
relative  size  ii  151 ;  protonema, 
persistent  i  58. 

E.  serratumy  'leaf*  of  proto- 
nema ii  129 ;  protonema  1 147, 
ii  129;  spore,  shedding  ii 
160. 

Bpiblaat  of  Gramineae  ii  415, 
418. 

Epidendrum  noctumum,  flat- 
tening of  root  in  light  i  246. 

Bpigeooa,  green  cotyledon  of 
MonocotyUdones  ii  409 ;  co- 
tyledon, simple  configuration 
ii  403;  (photophilous)  shoot 
ii442. 

Bpigyny  u  558. 
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EpilobtuMf  poUcn-iaCy  sterllin* 

tion  ii  555. 
E,  angustifoliumy  cotyledon  ii 

404;    flower   becomes  dorai- 

▼endml  in  development  i  139 ; 

hypsophyll  of  wnole  leaf-pri- 

ittordinm  ii  393. 
E,  parvifilium^  hypeophyll  ii 

BpiBMtj- i  84. 

BpipacHs^  axillary  branching  ii 

apipeltale  leaf  ii  334. 
apiphracm  of  Mntci  ii  166. 
Xpiphylloos    infloretoence    ii 

436. 
BpipkyUumy  jayenile  form  i  169 ; 

Pnyllocactiis-form  i  169. 
E,  truncatum^  flower  becomes 

doniyentral  in  development  i 

129. 
XpiphTte,  anchoring-disk  ii  45 ; 

heteropbylloos  ii  349 ;  rootless 

ii  365 ;  root  ii  282 ;  and  water 

EfifoMum  ii  304. 

Eptp<^pn^  rooUess  shoot  ii  334. 

E.  Gmilinit  rootleis  ii  365; 
scale-leaf  withont  vascnlar 
handle  ii  393. 

Bpitheliam»  of  ovule  ii  631,637, 
function  ii  638. 

Spitropooa  ovale  ii  631. 

Xqais«to,  ametabola  ii  503 ; 
heterophyadica  ii  501 ;  homo- 
phyadica  ii  501 ;  metabola  ii 
501. 

Bqnlsetooeaa,  anisophylly,  ab- 
sent i  I03 ;  antherioium,  open- 
ing ii  175 ;  branching,  phyllo- 
cenoas  11433;  dadode  11448; 
development,  homoblastic  i 
151 ;  flower,  protection  ii  500; 
gametophvte  ii  195 ;  laminar 
growth,  basiplastic  ii  313; 
prothallos,  dorsiventral  ii  191 ; 
sperroatozoid,  ploridliate  ii 
173 ;  sporangium,  dehiscence 
ii  584,  position  ii  493  ;  sporo- 
phyll  and  foliage-leaf  alike  in 
position  and  ongin  ii  477. 

Equisetum,  annalns  ii  500;  an- 
theridiam,  development  ii  178; 
archegoniom,  opening  ii  183 ; 
branching  ii  433  ;  '  elaters,' 
ii  100,  575;  embryo,  differ- 
entiation li  344 ;  fertile  shoot, 
arrested  formation  ii  502,  and 
conditions  of  development  ii 
503,  transformed  sterile  leaf 
ii  503 ;  flower  ii  4^,  apical 
plug  ii  500;  foliage-leaf 
and  fertile  leaf  ii  499 ;  leaf, 
vegetative,  and  function  ii 
499 ;  prothallus,  ameristic 
ii  197,  dorsiventral  ii  195, 
heliotropism  ii  197,  hydro- 
tropism ii  197,  male  ii  196, 


water-relationshipii3i5;  root- 
primordia  on  item,  latent  ii 
375;  shoot,  hypogeous,  as 
boring-organ  ii  360;  sporan- 
gium, doniventral  ii  574, 
origin  from  leaf-oigan  ii  473, 
and  peltate  sporoph)^  ii  575, 
wall  ii  583;  nwre-germina- 
tion  and  li^^t  i  399;  spore, 
shedding  ii  100,  575;  sporo- 
genous  tissue,  sterile  cells  ii 
597;  sporophyll,  development 
ii  500,  and  sporangium  ii  499; 
tapetum,  plasmodUl  ii  506; 
transition,  embedded  and  free 
sporangia  ii  574. 

E,  arvensty  archesporium  ii  601 ; 
special  fertile  shoot  ii  501; 
sporangial  wall  ii  583 ;  steri- 
lised sporogenous  cells,  absent 
ii  597;  not  xerophilous  ii 
446. 

E,  hyemalty  sterile  and  fertile 
shoot  alike  ii  501 ;  xerophilous 
11446. 

E,  Hmosum,  antheridium,  open- 
ing ii  175;  sterile  and  fertile 
shoot  alike  ii  501. 

E.  palustn,  sterile  and  fertile 
shoot  alike  11  501. 

i?.^a/«ifj«,  antheridium  opening 
11  17K;  fertile  shoot  subse- 
quenUy  vegetotive  ii  501 ;  not 
xerophilous  ii  446 ;  prothallus, 
male  ii  175,  female  ii  196. 

E,  syhaticufHy  fertile  shoot  sub- 
sequently vegetative  ii  501; 
not  xerophilous  11  4^6. 

E,  TeUmatna^  special  fertile 
shoot  ii  501 ;  sporangial  wall 

Erantkis,  ^[ermination  ii  353. 
E,  hyemaitSf  embryo,  retarded  li 

349. 
Eremosphaerat  monergic  spheri- 
cal body  i  65. 
Erka   cornea,  endothedum   ii 

611. 
E.    Titmiixy   laminar  growth, 

basiplastic  ii  313. 
nrioaoeae,    pollen-sac^    active 

opening   cells    suppressed    ii 

577»6ii. 
Eri$teum'g9Xi  caused  by  mites 

1196. 
Eriophorum  aXpinum,  reversion 

ii448. 
EriopuSt  protonemoid  gemma  ii 

140;  rhizoid  on  sporogonium 

ii  142.  157. 
E,  rtmcHjfolius,  absorption    of 

water  by  sporogonium  11 157  ; 

bilateral  shoot  ii  137*  gemma 

with  separation-cell   ii   136; 

protonema-threads  on  stem  ii 

147. 
Eroaiumy  cotyledon,  asymmetry 
i  115,11406. 


Ervum  mommtkoSy  sdpule,  in- 
equality in  sise  ii  360. 

ErvHgium,  lea(  monocotylous 
form  ii  39^. 

E,  agaoaefoltumypandamfoHMMy 
striate  venation  ii  339. 

E,  bromelitufrlmm^  pandtmi' 
foHum,  \ttS,  monocotylous 
form  ii  95 ;  profile-position  by 
torsion  u  395. 

E,  fnari/imum,  inferior  ovary  ii 
569. 

Erythraea  pulchella,  ovule  on 
under  side  of  carpel  ii  558. 

Erythromum  Dem-canisy  em- 
bryo, retarded  ii  351. 

Euhscholtsia,  flower-structure 
and  pollination  ii  547. 

E,  cahfomica,  flower,  arrange- 
ment of  parts  ii  531 ;  poUen- 
sac,  differentiation  of  ardie- 
sporium  ii  600. 

Bwentlal  zygomorphy  of  flower 
i  130. 

ntiolttted,  seedling  flowering  i 
343 ;  shoot  in  Hepaticae  i  249, 
ii  33. 

Btiology,  of  peloria  i  188 ;  of 
malformation  i  18^ 

EucalyptuSy  bilateral  leaf,  pro- 
file-position ii  393;  juvenile 
form  i  167;  reversion-shoot  i 
173;  xerophilous  adaptation 
i  165. 

E.  globulus f  foliage-leaf,  asym- 
metry i  116. 

Eucamptodan  Hampeamtm^ptri' 
chaetialiSy  spore,  germination 
intrasporangial  ii  133. 

Booladona  type  of  laminar 
growth  ii  313. 

Eudorina,  colony  i  37. 

Eufhorbia,  ovular  integuments, 
devdopment  ii  617 ;  shoot,  as 
water-reservoir  ii  453,  sterile 
when  attacked  by  Uromyces 
pisi  i  193;  thom-stipole  ii 
381. 

E.  alcicomist  chief  and  lateral 
shoots  and  gravity  i  336. 

E,  helioscopia,  cotyledon  per- 
sistent ii  403. 

IDaphorbiaoeae,  phyllodade  ii 
451 ;  succulent  form  i  19. 

Euptilota,  shoot,  branching  i  88. 

E,  ffarveyif  branching  compared 
with  that  of  dicotylous  leaves 
ii  331 ;  shoot,  branching  i  89. 

EuryaleftroXf  prickle  1  364. 

Buaporangiate  Filidneae,  spo- 
rangium, mature  ii  584,  un- 
stalked  ii  574;  sporophyll  as 
new  fonnation  11  48 1 .         | 

Boaporanciate  Pteridophyta, 
stalk  of  sporangium  an  out- 
growth of  the  sporophyll  ii  61 7. 

Busporangimn  ii  603. 

Brolation,  of  differentiation  of 
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embryo  in  Spermophyta  ii  245 ; 

of  tubular  flower  in  Compositae 

ii  553 ;  of  radial  corolla  ii  553. 
Bxalbuminy,  of  Dicotyledones 

ii357;  of  Monocotyledones  ii 

a6o,  402. 
Ifadne  of  spore  of  Hepaticae 

ii  106. 
Exoascus       causing      witches' 

broom  i  19a. 
Xxodormia     of    Phalaenopsis 

Schilleriana  ii  284. 
IBzogenetio,  root  ii  273 ;  root- 

bcrae  bad  of  Linaria  ii  277 ; 

secondary  root  of  Phyllf^los- 

sum  Drumnumdi  ii  273. 
Exormotheca^  breathing-pore  ii 

75. 
B,  HolsHi,  thallus  ii  75. 
Xxoaporinm  of   Hepaticae   ii 

106. 
Xxothecimn,  active  cells  ii  61 1. 
Sxotrop7  i  109 ;  of  lateral  root 

11276. 
IBxperimentsl     organography, 

importance  i  52. 
Bzatipulate    Monocotyledones 

ii    365;    Ophioglossaceae   ii 

365. 

Xztemal,  factors  condition 
gemma-formation  ii  607 ;  for- 
mative stimuli,  influence  of  i 
205;  stimuli,  directive  in- 
fluence of  i  2 1 8,  and  configura- 
tion 1217,  reaction  of  organs  to 
1217,  reaction  of  plasmodium 
in  Myxomycetes  to  i  218, 
and  reversion-shoot  i  218. 

Bxtraseminal  absorption  of  en- 
dosperm ii  402. 

Bztrone  anther  ii  553. 

F. 

Faoton  influencing,  colour  and 
size  of  flower-envelope  ii  551 ; 
configuration  of  cotyledon 
ii  4^5  >  growth  of  searcher- 
shoot  ii  454;  numerical  re- 
lationships of  flower  ii  537 ; 
plagiotropous  growth  ii  461 ; 
position  of  sporangium  in 
Pteridophyta  ii  494 ;  reduction 
of  leaf  in  Monocotyledones  ii 
447 ;  leaf-transformation  into 
tendril  ii  428. 

Fagaoeae,  aporogamy  ii  615. 

Fagus^  callus-shoot  i  44;  fern- 
leaved  variety  ii  345 ;  flower, 
position  of  male  and  female  ii 
472 ;  fruit,  compensation  of 
growth  i  207 ;  juvenile  form, 
direction  of  growth  i  143; 
kataphyll,  stipular  ii  386; 
leaf-insertion  i  93 ;  ovule,  de- 
velopment after  pollination  ii 
623 ;  seedling  i  70 ;  shoot, 
abortion  of  apex  of  annual  i 
209,  concatenation  of  plagio- 


tropous i  70,  dorsiventral 
lateral  i  93 ;  stipule,  caducous 
ii  3^3*  protective  function  ii 
363;   winter-bud,  structure  ii 

433. 

False,  septum  in  ovary  of  Cruci- 
ferae,  ii  565;  short  twig  of 
Areschoug  ii  453. 

Fsn-palm,  leaf-form,  signifi- 
cance ii  326,  of  seedling  ii  327. 

Fasoiatod  shoot  and  double  leaf 
i  190. 

Fafoiation  i  190 ;  artificial  pro- 
duction i  190;  inherited  i  184. 

Feather-pahn,  leaf-form,  de- 
velopment ii  327. 

FeediniT)  of  embryo,  embryo- 
sac,  endosperm  ii  637. 

Fegatella,  air-cavities  ii  74,  75 ; 
spore  -  germination  ii  in; 
sporogonium,  development  ii 
105. 

F.  conica,  air-cavities  ii  75; 
brood-tuber  ii  70, 

F.supradecomposita^  propagative 
shoot  ii  48. 

Female  flower.    See  Flower. 

Female  prothallus.  See  Mega- 
prothiJlas. 

Female  sexual  organ.  See 
Arohegonimn. 

Ferns.    See  Filioes. 

Fern-leaved  variation  ii  345. 

Fertile  shoot,  of  Equisetum^ 
arrested  formation  ii  502 ;  of 
Hepaticae  ii  79. 

FertiliBation,  double  ii  624; 
effect  upon  antipodal  cells  ii 
637;  of  Angiospermae,  stimuli 
concerned  in  i  269;  induces 
envelope-formation  in  Hepa- 
ticae ii  105 ;  of  Selaginelleae 
ii  508. 

Feuilles  seminales,  A.  P.  De 
Candolle's  name  for  leafy 
cotyledons  ii  400. 

Feviiiea  trilobatay  androecium  ii 

539- 

Ficusy  prop-root  ii  277  ;  stipule, 
axillary  ii  359,  372,  protective 
function  ii  363. 

F,  Pseudo-Carica^  stipular  sheath, 
deciduous  axillary  ii  372 ;  sti- 
pule, free  ii  372. 

F,  pumiloj  scandenSf  juvenile 
form  i  159. 

F.  stipidansj  foliage-leaf,  asym- 
metry i  116. 

Figs,  climbing  i  159. 

Filament  of  stamen  of  Angio- 
spermae ii  529. 

Filaments,  branched  in  da- 
dophora  i  33. 

Filioes,  hair,  peltate  ii  336; 
heterophylly  in  epiphytic  ii 
349 ;  leaf,  apical  growtii  ii 
317,  with  circinate  ptyxis  ii 
320,    primary    i    T51,    with 


unlimited  growth  i  15 ; 
leaf-cutting,  unlmown  i  46; 
prothallus,  arrest  through 
correlation  i  58,  re^neration 
i  43,  reversible  dorsiventrality 
i  228;  reversion  to  juvenile 
form  i  171. 

Filicineae,  annulus  ii  587,  lie, 
not  an  adaptation  ii  594  ;  an- 
theridium,  free  ii  1 77 ;  embryo, 
differentiation,  ii  243,  and 
gravity  i  219,  orientation  of 
organs  ii  246 ;  gametophyte  ii 
197,  relation  to  that  of  Musci 
ii  208 ;  leaf,  apical  nowth  ii 
310,  313,  marginal  growth 
ii  313 ;  leaf-borne  shoot  ii 
436;  leaf -form,  factors  in- 
fluencing ii  315,  series  ii  320; 
leaf-primordium  arises  from 
one  cell  ii  305 ;  leaf-structure, 
biological  significance  ii  346 ; 
leaf-wing  ii  314;  propagative 
adventitious  shoot  on  pro- 
thallus ii  213;  prothallus  ii 
197,  aoi,  chlorophyllous  ii 
199,  dorsiventral  ii  191,  evolu- 
tion ii  208,  hastening  of  em- 
bryogeny  ii  189;  spermato- 
zoid,  pluriciliate  ii  172  ;  spor- 
angium, mature  ii  584,  origin 
from  leaf-organ  ii  473;  sporo- 
phyll,  condition  for  its  appear- 
ance ii  498;  tapetum,  plas- 
modial  ii  596 ;  transformation 
of  leaf  into  shoot  ii  241,  of 
root  into  shoot  ii  227. 

Filiform  tendril  ii  457. 

Fimbriaria,  air-cavities  ii  75; 
involution  of  parts  to  re^t 
drought  ii  65. 

FissidenSf  apical  cell  of  stem, 
two-sided  ii  131 ;  directive 
influence  of  light  i  236;  ju- 
venile form  i  151 ;  leaf  i  103, 
ii  508,  development  like  that 
of  Iris  ii  329,  iris-like  ii  137, 
snr£Eu:e  i  87 ;  shoot,  bilateral 
i  66,  dorsiventral  bilateral  i  68. 

F.  adianUddeSy  directive  influence 
of  light  1236. 

F,  bryoideSf  hypsophyll  ii  135  ; 
protonema,  significance  ii  130 ; 
shoot,  branching  ii  13a 

Fissidentaoeae,  peristome  ii 
163  ;  spore,  shedding  ii  163. 

Fixed  colony  of  Thafiophyta  i 
39. 

Flag-apparatus,  of  Angiosper- 
mae ii  528 ;  staminal  ii  550. 

Flagelltun,  of  Hepaticae  ii  42  ; 
use  in  Mastigohryum  ii  228 ; 
of  Adianhim  Edgeworthi  ii 
241. 

Flag-flower  ii  571. 

Flattened  shoot,  the  origin  of 
spermophytous  leaf,  Dingler*s 
i^ew  ii  452. 
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Platteninff  of,  organs  and  li^t 
i  245 ;  or^^ans  and  light  in 
Hepaticae  1  249,  in  Mosci  i 
249,  in  Pteridophyta  i  249; 
ihoot  and  light  in  Dicotyle- 
dones  i  247;  creeping  shoots 
i  92 ;  climbing  shoots  i  92 : 
shoot-axis  in  OpunHa  ii  448 ; 
root  and  light  i  246;  aerial 
root  i  92. 

Float-leaf  of  Sahnnia  ii  $^,  348. 

Tlorideae,  concrescence  of  hair- 
roots  i  54. 

Flower,  of  Angiospermae  ii  527; 
apodial  ii  510;  arrangement 
of  parts  ii  528-31 ;  asym- 
metry i  129;  arrest  i  52,  57, 
ii  546 ;  arrest  and  function  ii 
547  ;  blind  and  high  tempera- 
tue  1  213;  bad,  endogenetic 
ii  226;  bnds,  do  not  nnfold 
in  darkness  i  243,  of  Acer 
Pseudoplatanus  ii  541 ;  coshion 
of  Pilostyles  ii  220 ;  calcarate 
i  Z31 ;  colour  ii  522,  551,  and 
light  ii  5CI ;  concrescence  of 
parts  ii  540 ;  confluence  of  parts 
li  538 ;  correlation  of  growth 
i  2 1 1 ;  cushion  ii  226 ;  debnition 
ii  460 ;  development  ii  542-5, 
oi  Abici pectituUa  ii  522 ;  dor- 
siventrauty  i  128,  ii  542, 
developmenti  1 29,  and  external 
factors  i  129,  an  adaptation  i 
132  ;  of  Equisetaceae  ii  499; 
envelope  of  Angiospermae  ii 
548,  evolution  ii  549,  factors 
influendi^  size  and  colour 
ii  551,  ftinction  ii  548,  of 
developed  h3rpsophylls  ii  549, 
morphological  significance  ii 
548,  of  transformed  sporo- 
phylls  ii  549 ;  female,  of  Coni« 
£eraeii5i8,  ofd>rax  ii5ii,  of 
CycaswiX}^  unlimited  growth  ii 
470,  oi  Selagirulla  ii  508 ;  fur- 
thered organs  laid  down  earliest 
ui  ii  545 ;  of  Gnetaceae  ii  526 ; 
hermaphrodite,  primitive  in 
Gynmospermae  i  60  ;  and  in- 
florescence in  Coniferae  ii  524 ; 
inverse-dorsiventral  ii  508 ; 
irregular  i  128 ;  labiate  i  131 ; 
lea^  basipetal  succession  of  ii 
542,  terminal  ii  541 ;  and 
light  i  244;  ligulate  i  131; 
male,  of  Coidferae  ii  409,  514, 
of  Ginkgo  ii  5 1 5,  otSelagimlia 
Martenm  ii  508,  of  WeU 
wUschia  i  60,  ii  526;  male 
and  female,  separation  ii  471 ; 
nectary  ii  430;  number  in  rela- 
ticm  to  pollination  ii  547  ;  and 
nutrition  i  191 ;  origin  in 
Gynmospermae  i  60;  ortho- 
tropy  ii  50^ ;  personate  i  131 ; 
position  of  male  and  fenude  ii 
472 ;  of  Pteridophyta  ii  472  ; 


radial  i  1 28,  and  dorsiventral  ii 
^44;  reduction  in  BdUmophora 
li  022 ;  regular  i  128 ;  of  Sela- 
ginelloie  ii  505;  separation  into 
male  and  female  ii  471 ;  shoot 
of  limited  j[rowth  ii  470 ;  sise 
and  light  ii  551 ;  structure  and 
pollination  ii  54^ ;  suppression, 
m  Boragineae  1  58,  of  torus 
ii  540;  symmetry  i  128,  ii 
509>  637 ;  transformed  ii  571 ; 
and  vegetative  shoot,  relation- 
ship in  Lvcopodineae  ii  509 ; 
zygomorphy,  essential  i  130, 
unessential  i  130;  use  of 
term  in  Pteridophyta  ii  470. 

Flower-morpholosj,  anato- 
mic method  in  ii  545. 

Vloworinff  and  rays  of  the 
spectrum  i  244. 

Foliage-leaf,  asymmetry  i  116; 
absent  in  some  epipn3rtes  ii 
286 ;  cotyledon,  arreted  form 
of  i  145,  developmental  stage 
to  ii  402 ;  hypsopnyll  developed 
from  ii  300 ;  relation  to  spo- 
rophyll  i  II,  ii  473,  499, 
503,  509,  510;  transforma- 
tion i  10,  loi,  i68y  178, 181, 
ii  394,  421,  47^. 

Foliage-shoot,  the  typical  shoot 
ii  440;  transition  to  thorn  ii 

45a. 

Foliar,  eland  ii  362 ;  origin  of 
ovules  li  556 ;  placenta  ii  556 ; 
spine  i  168,  ii  429. 

Folioae,Jungermanniaceae,light 
and  growtn  ii  77;  lichens, 
usually  dorsiventral  i  71. 

FotUanesia  Foriunei^  ovule  and 
pollination  ii  623. 

FonHnalis^  adaptation  to  habitat 
ii  134 ;  spore,  shedding  ii 
164 ;  peristome  ii  164. 

F,  onHpyreticai  adaptation  to 
flowing  water  ii  135. 

Foot  of  embryo  in  Musd  ii  157. 

Foremimer-tlp  ii  308. 

Form,  and  function,  Herbert 
Spencer  on  i  4,  interdependent 
i  5,  relation  i  4 ;  of  hypsophyll 
and  function  ii  396 ;  of  sporo- 
phyll  and  sporangium  ii  499 ; 
of  stipule  and  function  ii 
366. 

Formation  of  flower  and  light 
i  242  ;  of  oigans  at  vegetative 
point  i  41 ;  of  ovary  ii  555  ;  of 
root  and  li^ht  i  231 ;  of  spo- 
rangium and  light  i  245. 

FormatiTe  stimulus,  gravity  as 
i  219. 

Forsythia,  kataphyll  ii  385; 
ovular  development  after  pol- 
lination ii  623. 

Fossotnhronia,  antheridium  ii  84 ; 
chromoplasts  in  antheridium  ii 
10;  colour  and  light  ii  78; 


leaf  ii    38;    sexual   organs, 

diffuse    di^>osition     ii     80; 

elaters  holdmg  mass  of  q>oret 

ii  102. 
F.  caespiHformis^  leaf-home  mu* 

cili^  papilla  ii  29. 
F,  iuberifera,  leaf  ii  38 ;  tuber  ii 

68. 
Fragaria^  shoot,  plagiotropons  ii 

457. 

F,  vesca,  stolon  ii  401. 

Fraxinus,  anisophylly,  lateral 
i  108;  leaflet,  asymmetry  i 
122 ;  ovular  development  a&er 
pollination  ii  623. 

F,  excelsior^  \taS,  development  ii 
305,  venation  ii  344. 

Free,  antheridium  of  Pterido- 
phyta ii  177  ;  central  placenta- 
tion  ii  504,  567 ;  sporangium 
"5731  584;  stipule  11359. 

Free-living,  leaf  ii  235;  root  ii 

334- 
Freesia^  unilateral  inflorescence  i 

136. 

Freycinetia  BenntttU,  nourish- 
ing-root ii  288. 

F,  imbricata,  anchoring-root  ii 
288. 

F,  javoHua,  anchoring-root  de- 
veloped into  nourishing-root 
ii288. 

FritiUaria  imperialis,  periodi- 
city of  root-development  ii  289. 

Froit,  biology  of  ripening  ii 
570  ;  compensation  of  gnnrth 
i  207;  correlation  of  growth  i 
212;    parachute-apparatus  ii 

570. 

Frullania^  archegonial  groups  ii 
88;  colour  and  light  ii  78; 
elater  attached  to  surfrice  of 
capsule  ii  100;  spore-germina- 
tion ii  108 ;  sporogonium  with- 
out elaterophore  ii  100; 
stylus  auriculae  ii  60 ;  water- 
chamber,  capillary  ii  58; 
water-reservoir  ii  59. 

F.  atraia,  atrosoHgutMea^  capil- 
lary water-chamber  ii  58; 
copper-colour  ii  78. 

F.  cormgerOf  water-reservoir  ii 
60,63. 

F,  dilatata^  branching  in  relation 
to  leaf  ii  44 ;  water-reservoir, 
capillary  i  261. 

F,  Tamariscif  colour  and  trans- 
piration ii  78 ;  leaf  ii  41 ; 
water-reservoir  ii  58. 

Fratioolose  lichens  usually 
radial  i  71. 

Fnoaoeae,  higher  differentiation 
i  21 ;  l^;ht  and  spore-germi- 
nation i  230. 

Fuchsia,  branching  of  petaline 
primordium  ii  536. 

Fuctts,  absence  of  juvenile  form  i 
148. 
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Fkcus  semUuSj  light  and  tpore- 
germination  i  330. 

Fumaria^  tranavene  dornventral 
flower  i  ia8. 

F.  officinaUs^  cotyledon  penis- 
tent  ii  403. 

Fmnarlsoeae,  embryoi  letarded 
ii  350;  flower-stractiire  and 
pollination  ii  547;  transition 
from  foUage-leaf  to  tendril  i  10. 

Funaria^  antheridiom,  opening 
ii  II ;  peristome  ii  164 ;  spore, 
shedding  ii  164. 

F,  hygrometrica^  archegonial 
Tenter  a  water-sac  ii  153; 
archespoiinm  ii  156;  aseznal 
prop«gati(m  ii  135 ;  modlage- 
nairii  138;  protonema-branch- 
ing  and  light  i  334;  resting 
state  i  363 ;  separation-cell  of 
protonema  ii  135 ;  spore- 
germination  i  147,  ii  117. 

Sanction,  change  of^  and  light 
i  355,  in  organs  i  8,  in  root  i 
13 ;  in  determination  of  im- 
portance of  organs  i  5  ;  daal, 
of  leaf  i  8,  ii  3^ ;  multiple,  of 
leaf!  161, 11391. 

Ptmgi,  and  their  environment  i 
366 ;  conBgoration  and  light  i 
357;  causing  malformation  i 
193 ;  causing  transformation 
of  organs  i  1 1 ;  causing  sex- 
change  i  193 ;  meduinical 
stim^  affecting  i  369;  mal- 
formation in,  experimentally 
evoked  i  187;  nutrition  and 
form  i  366 ;  v^etative  propaga- 
tion i  49. 

2Puzign8-gaU  in  Polygonum  chi- 
nense  i  196. 

Funlcle  of  ovule  ii  614. 

Funioular  nutritive  tissue  ii 
640. 

Funkia,  adventitious  embryo  ii 
634. 

Fuotrulea,  polyembryonj  ii  637. 

F,  ovatOt  archesporium  of  pollen- 
sac,  differentiation  ii  600; 
venation  ii  340. 

Furthered  organs  in  flower 
laid  down  earliest  ii  545. 


Oabler  of  Vitis  vini/era  i  186. 

Gaertnera^  stipule  axillary  and 
interpetiolar  ii  374. 

Gagea  arvensis,  embryo,  re- 
tarded ii  350. 

G.  lutea^  embryo,  retarded  ii  351 ; 
root-branching    suppressed  ii 

274- 
Gaiadendron  purutaium^  sepal 

without  vascular  bundle  ii  393. 
GaUobdolon    luteum,   peloria  i 

189;    transition  from  ortho- 

tropy  to  plagiotropy  ii  457. 
Galium  pMustre,  stipule  ii  368. 


(7.  peregrimtMt  stipule  ii  370. 

G,  saccharaiumj  cotyledon  nar- 
row 11406. 

G-aII,  of  Aspidium  aristatum 
caused  by  Tapkrina  comu 
ctrvi  ii  536 ;  Beyerindc's  views 
i  303  ;  of  capitmum  in  Hiera- 
cium  umbellatum  i  197 ; 
firom  Cecidon^na  Poae  i  300 ; 
from  CeHdotes  Eremita  i  199 ; 
from  Dryophanta  foUi  upon 
oak-leaves  1 199 ;  of  Duvaua 
i  190;  growth-enzyme  as 
stimulus  1 303 ;  of  inflorescence 
of  Cruciferae  i  197 ;  material 
influence  of  thepiUBsite  i  196 ; 
from  Nematus  Capreae  i  300 ; 
origin  of  i  1 08 ;  of  Polygonum 
chinense\  oX  Pttris  quadriau- 
rita\\Qi^\oiQH«rcu5\  199;  of 
Selaginella  fetUagona  i  193; 
and  stimuli  1  198. 

Oall-bnlbll  oi  Stlaginella  pen- 
tagona  i  197. 

Gall-insect,  root-development 
through  stimulus  of  i  30o. 

Ghtll-prodootion  in  relation  to 
formation  of  organs  i  303. 

Oall-wasp,  different  galls  pro- 
duced by  one  i  199 ;  of  oak, 
Spathegaster  Taschtnbtrgi  i 
199. 

Gametophyte,  male,  of  An- 
giospermeae  ii  614,  of  Gymno- 
spermeae  ii  6x3,  of  Isottes  ii 
181,  of  Marsiliaceae  ii  180, 
of  Salvinia  ii  183.  of  Sela- 
ginellaii  183 ;  ofEquisetaceae 
ii  195 ;  of  Filicineae  ii  197, 
connexion  with  that  of  Musci 
ii  308;  of  Lycopodineae  ii 
191  ;  primitive  in  Lycofodium 
ii  583;  of  Pteridophyta  ii 
171,  configuration  ii  188 ;  and 
sporophyte,  alternation  ii  171, 
homology  i  30 ;  suppression  in 
apospory  ii  607. 

Gainoi>etalAe,  concrescence  in 
corolla  i  53. 

Gttura  biennis^  poUen-sac,  steri- 
lisation ii  555. 

Gemma,  antagonistic  to  sexual 
reproduction  ii  51 ;  conditioned 
by  external  factors  ii  607 ; 
dorsiventral  and  light  i  337  ; 
dimorphism  in  Hepaticae  ii 
49 ;  distribution  by  animals  ii 
49 ;  ejection  ii  49.  ^^1 »  o^ 
Lycopodium  ii  467,  607 ;  pro- 
embryonal  ii  135;  prothallial 
ii  313,  origin  ii  315;  proto- 
nemoid  ii  140;  oi  RemusaHa 
vivipara  ii  469. 

Gemma-cell  ii  49. 

Gemma-leaf  ii  139. 

Gemma-scale  ii  49. 

Gemma-ahoot  ii  139. 

Genetic  relationship  of  sporo- 

XX 


phyll  and  foliage-leaf  ii  470, 
473. 

Genista  sagiitalis,  leaf-base,  de- 
current,  as  wing  ii  448 ;  shoot, 
flattened  and  light  i  349. 

Genisteae,  juvenile  form  i  168. 

6«if/trAi,  insect-trap  ii  337;  leaf- 
root  ii  337 ;  leaf,  tubular  ii  337, 
338;  rootless  ii  365;  root- 
less shoot  ii  334;  transition 
between  leaf  and  shoot  H  336. 

Gentiana,  phyllotaxy  ii  443. 

(7.  acau/iSf  vema  ii  443. 

G.  ascUptadee^  laminar-growth, 
basiplastic  ii  313;  lefdT-inser- 
tion  i  93 ;  shoot,  dorsiventral 
lateral  i  93,  orthotropous  or 
plagiotropous  i  68 ;  transition 
from  hypsophyll  to  flower- 
envelope  ii  550. 

Gentianeae,  ovule,  absence  of 
epithelium  ii  638,  ategminy  ii 
618. 

Geocalyceae,  perianth  wanting 
ii  89 ;  sporogonial  sac  il  pa 

GeophiloQS  shoot  ii  463 ;  depth 
in  soil  ii  465 ;  pull-root  of  ii 
466;  perennial  and  periodic  ii 
463. 

Geothallus  tuberosus^  tuber  ii 
67.68. 

Geotropism,  of  aerial  root  ii 
383  ;of  rootand  moisture  ii  376. 

Geraniaoeae,  cotyledon  con- 
volute, asymmetry  ii  406; 
embryo,  lie  in  seed  ii  406; 
gynaeceum  ii  565 ;  ovule, 
epithelium  ii  638;  shoot  as 
water-reservoir  ii  453. 

Geranium  fCOtyXtAoHy  as3rmmetzy 
i  115,11406. 

G,  cicularium  ii  406. 

G,  pratense  i  1 1 5,  ii  ^06. 

G.  Rodertianum  ii  400 ;  loif-apex, 
precedence  of  growth  ii  310. 

Germination,  of  embryo-sac  of 
Angiospermae  ii  635,  of  Cooi- 
ferae  ii  631,  of  Cycadaceae  ii 
631,  of  Gnetaceae  ii  639,  after 
stimulus  of  pollen-tube  in 
Coniferae  ii  633;  of  gemma 
and  spore  compared  in  Hepa- 
ticae ii  113;  mtrasporangial, 
of  Angiospermae  li  633,  of 
Hymenophyllaceae  ii  590,  of 
megaspore  of  Heterosporous 
Pteridophytaii633;  intraspoio- 
gonial,  of  Hepaticae  ii  106,  of 
Musd  ii  133 ;  of  microspore  of 
Heterosporous  Pteridophyta  ii 
1 80 ;  of  pollen-grain,  of  Coni- 
ferae ii  614,  of  Cycadaceae  ii 
6i3,ofSpermophytaii6i3;  of 
seed,  of  Cyperaceaeii  413, 413, 
414,  and  embiyogeny  in  An- 
giospermae ii  353,  of  Oro- 
oatuhe  i  305,  of  Streftocarpus 
ii  335,  viviparous  h  355;  of 
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spofe,  of  Eqnisetaoeae  ii  197, 
heteroblastic  of  Hepaticae 
ii  107,  108,  of  Homosporons 
Leptosponmeiate  Filidneae  ii 
ao2,  of  Mnsa  ii  116. 

Gherm-plAnt  and  light  i  338. 

Oesneraooae,  anisophyllv,  habi- 
tual i  113 ;  cutting  i  46 ;  leaf, 
asymmetry  i  i  ao. 

Gfunit  flower,  arrangement  of 
parts  11539;  leaf ,  interrapted- 
ly  pinnate!  137.  ii  331 ;  ovary, 
anioTnlar,  development  ii  560 ; 
ovule,  abortion  ii  560. 

G.  Mf^ctricum,  leaf,  biological 
relationship  ii  335,  interrupted- 
ly pinnate  1  137. 

Ginkgo t  anther,  shield  ii  533; 
apical  growth,  duration  ii  333 ; 
archeconium  ii  639;  laininar 
growUi,  encladons  ii  313; 
lower,  female  ii  518 ;  pollen- 
chamber  ii  637 ;  pollen-sac  ii 
f}S\  pollen-tnbe,  acrogamons 
li  613;  seed,  protection  of 
ripening  ii  533 ;  stamen  ii  51^. 

G,  HMOf  embryo,  retarded  li 
351 ;  nower,  female  ii  518, 
male  11515. 

Qinkgoaoefte,  archegoninm  ii 
639;  flower,  male  ii  514, 
morphology  ii  524;  leaf,  de- 
velopment li  333. 

Gladiolus,  archesporinm  of  pol- 
len-sac ii  600;  inflorescence, 
nnilateral  i  136;  root,  dimor- 
phism ii  371. 

G-land,  petiolar  ii  363 ;  mucilage 
ii  374 ;  stipular  ii  363,  381. 

GUthima  hoderacea,  growth, 
plagiotropous  ii  461;  shoot, 
plagiotropons  ii  457. 

Gieditschiahorrida,  loiflet  asym- 
metry i  133. 

G*  sinensis^  accessory  axillary 
bud  ii  434. 

Gleicheniay  leaf-apex,  resting, 
protection  of  ii  318. 

G,  bifida,  leaf,  apical  growth, 
periodic  ii  318. 

Oleioheniaceae,  antheridium, 
opening  of  free  ii  1 7  7 ;  aphlebia 
ii  318 ;  leaf,  branching  ii  317, 
periodic  apical  growth  ii  318; 
pinnule  ii  593;  protection  of 
leaf-apex  ii  318;  prothallus, 
apandrous  ii  330 ;  sporangium, 
opening  ii  588;  sporangia, 
disposition  ii  496 ;  sporophyll 
and  foliage-leaf  alike  in  posi- 
tion and  origin  ii  477. 

GUbularia,  haustorium  of  ovule 
ii  640. 

G,  cordifoKa  ii  640. 

Gloohidia  of  AzoUa  ii  313,  3i8. 

Gloriosa,  tendril  ii  428. 

Clossodium,  S3rmmetry  and  direc- 
tion i  73. 


Gloxinia  sptciosa,  peloria  i  189. 

G-netacafto,  arch^onium  ii  639 ; 
flower  ii  536 ;  fbwer-envelope 
of  hypsophylls  ii  537;  leaf, 
limited  apicsl  growth  U  333 ; 
ovule  ii  628 ;  pollen-chamber 
ii  516 ;  pollen-sac  ii  610. 

Gmtum,  embryo,  suctorial  oigan 
ii  A09 ;  embzyo-sac^  changes  in 
ii  039 ;  hypocotylarhaustorium 
li  40a ;  ovule,  three  integu- 
ments ii  639. 

G,  funiculare,  searcher-shoot  ii 

454* 

(7.  GiWHon,  embryo,  retarded  ii 
351 ;  embryo-sac,  changes  in  ii 
639,  germination  ii  639,  631. 

GhMbel,  on  leaf-development  ii 

Gkwthe,  definition  of  morphology 

»3. 
Goldfussia,  anisophylly  habitual 

i  113. 

G,  a$tisophvlla,  anisophylly  i  99, 
and  light  i  353;  hyponasty 
and  ej^iasty  i  85. 

G.  glomerata,  anisophylly,  habi- 
tual i  113. 

Gongora,  pollen-sac,  confluence 

"  554- 

Gk>nldift-form»tionm  bght  and 
darkness  in  Fungi  i  357. 

Gonium  pectorale,  colony  i  37. 

GoUschea,  leaf  ii  41 ;  water-reser- 
voir ii  58. 

G.  pachyphyUa,  leaf  ii  41. 

(7.  sciurea,  lamella  ii  58. 

Qradatae,  grouping  of  sporangia 
in  Pteridophyta  fl  490. 

Grainin6ae,awnii  377;  branch- 
ing, axillary  ii  433 ;  coleoptile 
ii  415 ;  coleorrhiza  ii  415 ; 
cotyledon  ii  41 4, peltate  ii  334 ; 
embryo,  development  ii  418, 
differentiation  ii  345,  interpre- 
tation ii  ^16,  structure  ii  415; 
epiblast  ii  415,  418;  flower- 
structure  and  pollination  11547 ; 
hinge-cell  ii  334 ;  hypocotyl  ii 
41 5 ;  inflorescence,  dorsiventral 
i  134,  radial  i  135;  lamina, 
differentiation  ii  300;  leaf, 
asymmetry  i  116;  leaf-inver- 
sion by  torsion  ii  396;  leaf- 
sheath  ii  331 ;  ligule  ii  376,  a 
bud-cap  ii  378,  formation  ii 
418,  function  ii  376, 377,  sickle 
ii  377 ;  ovule,  reduction  ii  633 ; 
pileole  ii  41 5 ;  scutellum  ii  4 1 5 . 

GramnuUophyllum  speciosum, 
nest-root  ii  383. 

QraTitj,  and  anisophylly  i  336 ; 
and  asymmetry  of  leaflet  i 
133;  and  chief  and  lateral 
shoots  i  335 ;  and  cutting  i 
333 ;  and  disposition  of  organs 
i  319;  and  embryo  of  Pterido- 
phyta i  319;    and  formative 


stimulus  i  319;  and  leaf  of 
Begonia  i  319;  and  organ- 
formation  i  333,  334;  and 
prothallus  of  FUices  i  331; 
qualitative  influence  i  326; 
and  regeneration  i  331 ;  and 
root-formation  i  333;  and 
shoot,  of  Cactaceae  i  331, 
of  trees  i  334;  and  thallus, 
of  Algae  i  334,  of  Hepaticae 
i  334;  and  tuber  of  Thladi- 
antha  i  331. 

Grimaldia,  air-cavities  ii  7^ ; 
involution  of  parts  to  resut 
drought  ii  65 ;  perinium,  vesi- 
cular swellinjg;  ii  107. 

G,  dichotoma,  latent  oonditioQ  ii 
6^ ;  spore  ii  107. 

G,fragrans,  habitat  ii  71. 

Grimmia,  hair-point  ii  149 ;  leaf- 
surface,  papilla  ii  143 ;  spOTo- 
gonium,  radial  i  336. 

G.  letUophaea,  silver-glance  ii  149^ 

Growth,  apical,  of  Hepaticae  ii 
30,  of  leaf  ii  131,  310,  313, 
317,  333  ;  basal,  <rf  leaf 
ii  306,  laminar  ii  335,  and 
terminal  i  41 ;  compensation 
of  i  307,  308 ;  in  darkness,  of 
Basidiomycetes  i  357 ;  distri- 
bution in  flower  ii  553;  inter- 
calary i  41,  of  cotyledon  ii 
404,  olXtaioiByblis  ii  31 1 ,  pre- 
dominant in  Monocotyledones 
ii  398 ;  in  land  and  in  water  of 
Marsilia  quadnfoUa  ii  498; 
limited,  and  unlimited  i  15,  ii 
133,  144,  and  causes  i  i^,  ii 
190;  organs  of  limited  have 
mid-portion  best  nourished  ii 
51 1 ;  of  torus,  limited  ii  541. 

Orowth-enaym*  as  stimulus  of 
gall-formation  i  303. 

Guarea,  pinnae,  sequence  of  ori- 
gin ii  310. 

Guilandina,  pinnule  as  stipule  ii 
361. 

Gunnera,  aporogamy  ii  015; 
ovule,  reduction  ii  633 ;  par- 
thenogenesis ii  615;  stipule, 
axillary  ii  ^74,  origin  ii  375. 

GxhilennSttXxpvXt,  axillary  ii  374. 

G.  macrophylla^  stipule,  absent 
ii  374- 

^.ma»<fa/^,stipule,axillaryii375. 

Guttiferae,  hypocotylar  storage 
11358. 

Guttulina,  spore-formation  i  35. 

Gymnantke,  sporogonial,  sac  ii 
91,  tuberous  shoot  ii  93. 

G.  saccata,  sporogonial  sac  ii  91. 

Gymnocladus  canadensis,  acces- 
sory axillary  bud  ii  434. 

Oymnogrammeae,  prothallus, 
development  ii  305. 

Gymnogrammi  Totta,  villosa, 
sporangium  protected  by  hairs, 
"497. 
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Oynmomitrieae,  coloar  and 
light  ii  78. 

Gymnomitrium,  perianth  absent 
1189. 

Qynmospermaa,  antheridinm, 
mother-cell  ii  614;  arche- 
goniam  ii  629;  archespo- 
rinm  ii  601 ;  cladode  ii  448 ; 
dMocator-oell  suppressed  ii 
614;  embryo,  retarded  ii 
251 ;  epidermal  active  cells  in 
pollen-sac  ii  610 ;  exothecinm, 
active  cells  ii  611;  flower, 
hermapjhrodite  ii  47 1  >  question 
of  origin  i  60 ;  juvenile  form, 
configuration  i  153;  leaf, 
development  ii  saa,  primary  i 
153.  "  164.  155;  icaf-apex, 
precedence  in  growth  ii  309; 
me«Lsporocyte,  tetrad-division 
ii  625 ;  pollen  -  sac  ii  610, 
confluence  ii  554,  variation 
in  number  ii  553 ;  pollen-tube, 
basigamous  ii  614,  reduction 
11614;  polyphyleric  origin  ii 
631 ;  sporangium,  active  cells 
inwallii577;  sporophyll  11511. 

Gymnostomumj  old  genus  of 
Musci  ii  161. 

Oynaeoeam,  of  Angiospermae 
ii  555,  suppressions  in  con- 
struction ii  557;  apocarpous 
"  558,  559;  concrescence  ii 
557 ;  dimerous  ii  558 ;  in  epi- 
gynous  flower  ii  558 ;  in  hypo- 
gynous  flower  ii  558;  raono- 
merous  ii  558 ;  paracarpous  ii 
558,566;  in  perigynous  flower 
u  558;  polymerous  ii  558; 
reduction  ii  548,  557,  621  ; 
syncarpous  ii  558,  562 ;  termi- 
nal structure  of  flower  ii  558. 

H. 

Habitual  anisophylly,  defined  i 
108. 

Hair,  definition  i  13,  16;  of 
calyptra  ii  153;  of  Musci  ii 
1 38 ;  of  prothallus,  of  Cyathea- 
ceaeii  i^^o{  Osmunda^  absent 
ii  109,  of  Polypodiaceae  ii  200, 
of  Pteridopbytaii  188 ;  of  root 
and  transpiration  ii  269;  as 
sporangial  protection  ii  497. 

Hairless  root  ii  269. 

Hair-point  of  Musci  1 261 ,  ii  149. 

Hair-root  of  Hymenophylla- 
ceae  ii  264.   See  also  Bhisold. 

Hakea  pecHnatay  transition  from 
entire  to  divided  leaf  ii  294. 

If,  trifurccUa^  heterophylly  ii 
357 ;  leaf,  cylindric  ii  283,  di- 
morphism ii  293. 

Halogeton  sativus,  halophyte  i 
266. 

HcUophila^  macroi>odous  embryo 
ii  262;  pollen  ii  611. 

Halophiloos  plants  i  265. 


Halophyte,   configuration  and 

environment  i  265. 
HalopteriSy  arrested  formations  i 

37. 

H,JUiHna^  branching  of  shoot  i 
88,  and  light  i  237 ;  long 
shoot  and  short  shoot  i  36. 

Hanburya  mexicana^  adhesive 
disk  on  tendril  i  268. 

HaplolophiutHy  adhesive  disk  on 
tendril  i  268. 

ffaplomiirium,  free  antheridium 
ii  84 ;  isophylly  i  102 ;  ortho- 
tropy  ii  18. 

Haptera  of  Podostemaceae  ii 
222,  265,  281. 

Hastening  of  embryogeny  of 
prothallus  of  Filidneae  ii  189. 

Hanstoriom,  cotylar  ii  401 , 4 1  o ; 
cotyledon,  lobed  ii  407;  of 
Cuscuta  developed  through 
contact-stimuli  i  268 ;  of  em- 
bryo in  Musci  ii  1^7 ;  of  Fungi, 
result  of  mecham<xd  stimulus 
i  269 ;  of  germinating  pollen- 
grain  of  C3rcadaceae  li  612; 
as  new  formation  ii  224,  226 ; 
of  ovule  ii  631 ;  ovular,  of 
Angiospermae  ii  638,  of  Ccuua- 
rina  ii  633 ;  of  parasite  ii  224, 
unlimited  growth  of  ii  225; 
pollen-tube,aii6i4;  of  seed! 
208, 

Hecistopteris^  prothallial  gemma 
ii  214. 

Hedtra^  anchoring-root  ii  286; 
juvenile  state  an  adaptation  i 
170;  nourishing-root  ii  286; 
root,  dimorphism  ii  286 ;  root- 
primordia  on  stem  ii  275; 
shoot,  dorsiventral  i  99,plagio- 
tropous  and  orthotropousi  160 ; 
reversible  dorsiventrality  i  231. 

H.  Helixy  leaf-forms  ii  160. 

Hedwigia  ciliataf  leaf-surface, 
papilla  ii  143;  silver-glance 
ii  149. 

Hedychium  Gardnerianum 
plug-tip  ii  309 ;  ligule,  signifi- 
cance ii  377. 

ffedysarum  capUatum,  leaflet, 
asymmetry!  121. 

H,  obscurum^  stipule  ii  369. 

H,  sibiruum,  inflorescence,  uni- 
lateral i  136. 

HeUochariSf  assimilating  shoot- 
axis  with  arrested  leaf  ii  447. 

Helianihemum,  stipule,  arrest  ii 

365. 

H.  gtitiatum,  leaf,  stipulate  and 

exstipulate  ii  365. 
ff.     lasianthum^     oelandicum, 

tomeniosum,  vuigcut^  stipule 

ii  365- 
ffeliantkus  annum  ^  si»  of  flower 

and  light  ii  552. 
£fe/uodicerosmuscwarus,\ammsiT 

growth  basal  ii  324. 

X  X  2 


ffeliconia  dasyan/ka,  leaf-lamina 
split  through  rain-drops  ii 
3a8. 

J/elicophyl/um,  laminar  growth 
basal  ii  324. 

Heliotropism,  of  prothallus  of 
Equisetum  ii  197;  of  soil- 
root  ii  276. 

Helleboreae,  antipodal  cells, 
persistent  ii  636 ;  few  carpels 
and  many  ovules  i  59. 

ffelUboruSj  nectary  ii  550,  560 ; 
ovary,  pluriovular  ii  560. 

H.  foettduSf  leaf,  basipetal 
branching  ii  330. 

Htlminthostcuhys^     sporangio  - 

Shore  ii  483,  sterile  at  tip 
606;  sporangium,  dehiscence 
ii  585 ;  sporophyll,  configura- 
tion ii  483,  a  transformed 
vegetative  leaf  ii  485,  and 
wind-distribution  of  spore  ii 

474- 
H.  uylamca^  sporangiophoie  ii 

483. 

Helwingia  Japonicay  inflore- 
scence, epiphyllous  ii  436. 

ff,  rusd/biia,  inflorescence, 
epiphyllous  ii  437. 

ffemtonitis  palmatay  virescent 
arch^;onium  ii  187. 

Hemitelia^  basal  pinnule  ii  347. 

H,  {Amphiafsmui)  Walkerae^ 
leaf ,  development  ii  315;  pro- 
thallus, branching  ii  200. 

H.  capensiSy  adventitious  pinnule 
ii  347  ;  water-absorbing  leaflet 

"  347- 

H.  gigantea,  prothallus,  branch- 
ing ii  200. 

HepoHca^  acotylous  embryo  ii 
250 ;  time  of  germination  of 
seed  ii  253. 

Hepaticae,  absorptive  h3rpo- 
geous  organ  ii  70 ;  air-cavities 
ii  71 ;  anatomic  structure  and 
water  ii  71 ;  anisophylly  i  loi ; 
antheridium,  development  ii 
12,  opening  ii  10;  arch^o- 
nium,  development  ii  16; 
brandling  ii  2 1 ,  in  relation  to 
leaf  ii  A4 ;  brcaithing-pore  ii 
72 ;  bud,  direct  ori^  i  48 ; 
colour,  and  heat  ii  78,  and  light 
ii  77 ;  dioecism  ii  80 ;  dorsiven- 
tral structure  i  84;  dorsiven- 
trality dominant  ii  18 ;  elater, 
organ  of  ejection  ii  99 ;  em- 
bryo, chlorophylloush  105 ;  en- 
dogenetic  shoot  ii  45  ;  epiphy- 
tism,  and  rhizoidal  anchoring- 
disk  ii  45,  and  water  ii  53 ; 
exosporium  ii  106;  fertile 
shoot  ii  79 ;  flagellum  ii  42  ; 
eenmia  ii  49;  germ-phase 
m  regeneration  ii  67;  germ- 
plant,  and  external  stimuli  i 
217,  and  light  i  239 ;  germina- 
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tkm,  of  gemma  and  tpore 
compared  ii  109,  of  spore 
heteroblastic  ii  107,  of  spore 
and  formation  of  pro-embryo 
compared  ii  113;  hydrotro- 
pism ii  76 ;  bygrophily  ii 
53;  involuoel  ii  $|3;  involu- 
tion of  parts  to  resist  drought 
ii  65 ;  juvenile  form,  retention 
ii  I4(S;  lamella  on  thallos 
ii  55,  57;  leaf  u  35,  bi- 
partite li  41,  forming  capil- 
lary chambers  ii  58,  concre- 
scence ii  4a,  displacement  ii4i , 
tnbnlar  ii  337  ;  long  shoot  and 
short  shoot  ii  43;  and  light  ii 
76;  monoedsm  ii  80;  mnd- 
lage-hair  ii  27;  mncilage- 
secretion  ii  37 ;  paraphyllium  ii 
57;  perianth,  ranction  ii  89; 
propagation,  vegetative  i  48  ; 
propagative  capacity  i  47; 
protective,  odour  ii  79,  taste- 
substance  ii  79;  regeneration 
ii  51 ;  resting  bud  li  4^ ;  re- 
tention of  water  ii  53  ;  rhizoid 
ii  45;  nidimentary  ii  114; 
scale  ii  37,  biological  signifi- 
cance of  ii  34;  sclerenchyma- 
fibre  ii  70 ;  sexual  oi^gans, 
diffuse  and  limited  disposition 
ii  80,  dorsal  in  thallose  ii  80, 
protection  ii  81,  88;  sexual 
shoot,  construction  ii  89,  poly- 
phyleUc  origin  ii  93 ;  spore  ii 
106,  exine  ii  106,  perinium  ii 
106;  sporo^nium  ii  93,  de- 
velopment ii  103,  function  ii 
94 ;  sterile  cells  of  sporogen- 
ous  tissue  ii  597 ;  stolon  ii  33  ; 
symbiosis  ii  78;  symmetry  of 
organs  ii  18;  tannin-body  ii 
79 ;  thallus  and  gravity  i  334 ; 
transformation,  of  leaf  to 
water-reservoir  ii  58,  of  rhi- 
zoids  ii  47 ;  tuber  ii  43,  66, 
history  of  discovery  ii  66 ; 
vegetative  body,  vanetv  ii  7  ; 
vegetative  organs  ii  18;  and 
waterii  53;  water-sac,  as  hisect- 
trap  ii  64,  with  hinged  valve 
ii  01 ;  xerophilous  adaptation 
ii  65;  younger  group  than 
Musd  ii  7. 

Heracleumt  flower,  unessential 
xygomorphy  i  130  ;  leaf-base, 
function  li  399 ;  leaflet,  asym- 
metry i  133 ;  root,  periodic 
shortening  ii  371. 

Herb,  plagiotropous    shoot    ii 

457. 
Harbert    Spenoer  on    amso- 

phylly  i  99,  350 ;  on  relation 

of  form  and  function  i  4. 
HenuAphrodite,     flower     of 

G3rmnospermae  i  60,  ii  471 ; 

flower  ofiSelaginelleae,  original 

ii  508. 


Herpcsiphoma^  organs,  position 
i  9a 

Hisptris  matroHoliSf  phyllody 
of  ovule  i  183. 

Hiteranthera  %osUra^olia^  juve- 
nile form  i  164. 

H,  reniformist  reversion  i  173. 

Heteroblaatio  development  i 
14^ ;  spore-germination  in  He- 
paticae  ii  107. 

Heteroblaatj  in  juvenile  forms  i 

vity  and  cuttings  i  333. 

Heterodromy  in  phyllotazy  of 
Pteridophyta  i  78. 

Heterophyiidic  Equiseta  ii 
501. 

Hetorophylly,  i  103,  ii  345, 
351 ;  of  dicotylous  aouatic 
and  marsh  plants  ii  350 ;  of 
epiphytic  Filices  ii  349;  of 
monocotylous  aquatic  and 
marsh  plants  ii  357  ;  of  Pteri- 
dophyta ii  346,  350 ;  of  Spcr- 
mophyta  ii  351. 

Heterosporofoa,  Leptosporan- 
giate  Filidneae,  sporophyll  ii 
487;  Pteridophyta,  antheri- 
dium,  development  ii  180,  spo- 
rangium, development  ii  6o3. 

Heteroapory  of  Pteridophyta  ii 

577,  ^3. 

Heuchtra  Memusii^  divided 
hypsophyll  ii  393. 

Hexamerj  and  pentamery  in 
Caryophylleae  ii  538. 

Hieraciumy  leaf-formation  and 
light  1  356. 

Hieracium  umbelhium^  gall- 
formations  of  capitulum  i  197. 

Hinge  of  valve  of  sporangium 
of  Selaginella  ii  580. 

Hinge*cell,  leaf  of  Monocoty- 
ledones  ii  334. 

Hippwrisy  unitegminy  by  con- 
crescence of  ovule  and  integu- 
ment ii  6i8. 

H.  vulgaris^  hairless  root  ii  369. 

Hiptagt  obius^olioy  searcher- 
shoot  ii  455. 

HoJbnann,  experiment  in  pelo- 
riai  189. 

Hoftaieiater,  on  development 
of  leaf  ii  304 ;  on  direcuve  in- 
fluence of  light  in  Bryophyta 

1334- 
Homoblastio     development    i 

143 ;  of  Equisetineae  i  151 ;  of 

Lycopodineae  i  151. 
Homoblasty  in  juvenile  forms  i 

»43. 
Homodromy  in  phyllotaxy  of 

PteridophyU  i  78. 
Homology  i  14 ;  and  analogy  i 

5  ;  of  gametophyte  and  sporo- 

phyte  i  30 ;  of  megasporocyte 

and  microsporocyte  of  Angio- 


spermae  ii  635 ;  not  based  00 
one  character  i  14 ;  varying 
use  of  term  i  18. 

Homophyadio  Equiseta  deve- 
loped through  fertile  shoots  in 
summer  ii  503. 

HomoaporotLB  Pteridophyta, 
antheridium,  development  ii 
178. 

Honey-gland,  stipular  ii  381. 

Hook,  climbing  ii  334,  371, 419; 
calydne  of  Agrimonia  ii  453 ; 
leaf  ii  419. 

HordtMm^  ligule,  protective 
function  ii  378. 

H,  Juxastichum^  embfyo,  deve- 
lopment ii  418. 

Hormimum  pyrmaUmM^  inflo- 
rescence, unilateral  ii  136. 

Horn  of  sporophyll  of  CeraU- 
■zamia  ii  513. 

Homed  p^,  development  ii 

Jlosackia  subpmnatOy  leaflet, 
asymmetry  i  I3i ;  leaf,  uni- 
laterally pinnate  i  isi. 

Host  of  parasite  ii  335. 

Hottcnia^  lea^  basipetal  brandi 
ing  ii  330- 

ffoustonia,  ovule,  ategminy  ii 
619. 

Humulus  Lupulus,  stipular,  hy- 
psophyll ii  394;  stipules  of 
adjacent  leaves,  concresoent  ii 
368,  kataphyll  of  hypogeous 
shoot  ii  386. 

Htunus-plant,  hairless  root  ii 
369. 

Hyacintkus,  cotyledon,  efH^us 
green  ii  409 ;  flower  in  dark- 
ness i  343. 

H,  orieniaHSy  bulbil  in  regenera- 
tion i  45  ;  root-hair  suppressed 
in  water  ii  369;  vegietative 
propagation  and  seed-forma- 
tion i  45. 

Hydremgeoy  flag-apparatus,  cor- 
relation of  growth  i  311 ;  flag- 
flower  ii  571. 

Hydrobryum^  root,  dorsiventral 
ii  381 ;  flattened  in  relation  to 
light  i  347. 

HyarochariSy  hair  on  water-root 
ii  369  ;  root-apex  ii  367. 

H,  Morsus-ranae^  growth  of 
aouatic  root  in  soil  ii  367. 

HyaroclHs  HumboldH,  rever- 
sion-shoot i  173. 

HydrocotyUy  stipule,  develop- 
ment ii  364. 

H,  vulgaris^  leaf,  segmentation 
ii  336. 

Hydrophylleae,  inflorescence, 
dorsiventral  i  136. 

Hydrotropism,  of  Hepaticae  ii 
76 ;  of  prothallus  of  Eqmse- 
turn  ii  197;  of  soil-root  ii 
376. 
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HydruruSf     branching    i    34; 

colony  i  30. 
ff,  foetid^s,  vegetative  point  i 

31. 

Hygrophily  of  Hepaticae  ii  5a. 

HymenocallU  speciosa,  embryo, 
retarded  ii  251. 

Hymenocarpus  circinaius,  leaf, 
asjrmmetry  i  lai. 

HymenoUpis  spicata^  protbaUos 
ii  ao ;  sporophyll  ii  496. 

HymcnomyceUs^t^maTTcaX  fructi- 
fication in  darkness  i  258; 
fructification  and  light  i  357. 

EEynxenophyllaoeae,  antheri- 
dium,  opening  of  free  ii  177  ; 
and  apospory  ii  609 ;  genuna, 
prothallial  ii  214 ;  hair-root  ii 
364;  leaf,  adaptation  to  en- 
vironment ii  347,  develop- 
ment ii  313;  leaf-form,  bio- 
logical significance  ii  346; 
prothallus,  surfeu^e  and  fila- 
mentous ii  a  10;  ptyxis,  cir- 
dnate  absent  ii  3ai;  rootless  ii 
a63,  reduced  form  ii  364  ; 
sporangium,  asymmetry  ii 
575,  basipetally  developed  ii 
496,  opening  ii  588,  position 
ii  494,  and  peltate  sporophyll 
ii  575  ;  spore,  intrasporangial 
germination  ii  590 ;  symbiosis 
with  fungi  ii  319. 

ffymenophyllum,  leaf,  apical 
growtn  periodic  ii  318;  pro- 
thallus ii  206. 

H,  axUlarey  prothallus  ii  207. 

H,  interruptumy  Karstemanum, 
plumosunif  leaf,  apical  growth 
periodic  ii  318. 

Hymenopkytum^  apical  cell  ii 
21 ;  branching  li  21;  peri- 
chaetium  ii  82  ;  rhizome,  sym- 
podial  ii  25 ;  shoot,  ventral, 
bearing  sexual  organs  ii  82; 
spore,  ejection  ii  loi  ;  sporo- 
gonium  with  elaterophore  ii 

lOI. 

H,  JlabellatuM,  hymenophyl- 
loid  habit  ii  24. 

H,  Phyllanihus,  thallus  ii  22. 

HyoscyamuSf  branching  ii  435 ; 
flower,  dorsiventrality  ii  543 ; 
inflorescence,  dorsiventral  i 
136 ;  placentoid  ii  599. 

//.  alius,  archesporium  ii  599  ; 
pollen-sac,  development  ii  599. 

HypecouMy  androedum  ii  540. 

Hyi»ericaoeae,  stamen,  brandl- 
ing ii  534- 

Hypericum,  d^oublement  ii 
633 ;  gynaeceum,  develop- 
ment ii  565;  stamen,  branched 
ii  533;  style,  formation  ii  565. 

H,  aegypHacum,  staminal  pha- 
lange ii  534. 

Hypnaoeae,  spore,  shedding  ii 
165. 


Hypmtm,  annulus,  frmction  ii 
161. 

H,  aduncum,  cupressiforme, 
revohens,  uncinatum,  leaf- 
apex,  photophobons  ii  135. 

H»  cristcL-castrensis^  involution, 
dorsiventral  i  86. 

H,  splendens,  axis,  dornventral  i 
84 ;  paraphyllium  ii  146 ; 
shoot,  dorsiventral  ii  138,  pla- 
^otropous  and  light  i  233; 
tiered  growth  i  68 ;  transiticm 
from  orthotropy  to  plagio- 
tropy  i  69. 

Hsrpocotyl,  of  Gramineae  ii  41 5; 
tuber  ii  358,  a6o. 

Hypoootylar,  food-storage  of 
Dicotyledones  ii  a58,  of  Mono- 
cotyledonesii  a6o;  haustorinm 
of  Gnetum  ii  40a,  of  Welwit- 
schia  ii  40a ;  water-storage  of 
Cactaceae  ii  a6o. 

Hypogaeae,  growth  in  dark- 
ness i  357. 

Hypogeons,  absorptive  organs 
of  Hepaticae  ii  70 ;  cotyl^on 
ii  410 ;  fruit  ii  493 ;  inflores- 
cence ii  571 ;  prothallus  ii 
198  ;  shoot  as  boring-organ  ii 
ao6 ;  sporocarp  ii  493 ;  stipular 
kaUphyll  ii  386. 

Hypogynoua  flower  ii  558. 

Hyponasty  i  84,  85. 

Hypoi>eltate,leaf  ii  334;  sporo- 
phyll   in    Lycopodineae    ii 

503. 
Hypopoditun  ii  304. 
HypopUrygium,   anisophylly    i 

100. 
Il.fuscolimbcUumj  anisophylly  i 

lOI. 

Hypothesis,  of  devdopment  of 
leafy  sporophyte  from  moss- 
sporogonium  u  aoi ;  of  evolu- 
tion, of  flower  of  Coniferae  ii 
535  ;  of  hypsophyll  of  Mono- 
cotyledones  ii  39i5;  phyletic, 
r^arding  sporangium  ii  605. 

Hypsophyll  ii  389 ;  bristle  in 
Cynareae  ii  3p8 ;  development 
ii  391 ;  division  and  arrest  ii 
393>  397 ;  flower-envelope  de- 
veloped fit)m  ii  549;  form  in 
rdatioQ  to  function  ii  396; 
formed,  by  leaf-base  ii  343, 
394,  hj  whole  leaf-primor- 
dium  ii  39a ;  originates  from 
foliage-loif  ii  390;  of  Musd 
ii  135;  position  ii  390;  pro- 
tective organ  11397;  stipular  ii 
394- 

I. 

Iberis,  flower,  unessential  zygo- 
morphy  i  130. 

Idealistio  morphology  i  5. 

Ilex  Aquifolium,  leu  of  young 
plant,  imckly  i  364. 


Impaiiens,  cotyledon,  emaigi- 
nate  ii  407 ;  gynaeceum  and 
placentation  ii  564. 

/.  glandulosa,  foliar  gland  ii 
362. 

/.  farviflorcL,  flowering  and  light 
I  244. 

Indented  leaf  of  Bryophyllum 
crenatum  ii  337. 

Indigofera  diphylla,  leaf,  uni- 
laterally pinnate  i  121 ;  leaflet, 
asymmetry!  121. 

Indusium,  homology  with  in- 
tegument of  ovule  U  616 ;  use 

ii  497»  592. 

Inferior  ovary  ii  567. 

Infloresoenoe  i  128;  bristle- 
shoot  of  Gramineae  i  ao ;  com- 
pensation of  growth  in  i  308 ; 
dimbing  organ  ii  456;  of 
Coniferae  ii  518 ;  of  Crudferae 
i  197 ;  dorsiventral  i  134,  dr- 
dnate  i  136;  epiphyUous  ii 
436;  phyUocladous  ii  450; 
radial  i  134;  symmetry  i  134; 
unilateral,  origin  of  i  138. 

Infloresoence-axiB  transform- 
ed   into    assimilation-axis    ii 

447. 

Inheritanoe  of  malformation  i 
184. 

Insect  inducing  phyllody  i  181. 

Inoeot-trap  ii  64,  337. 

InaeotiToroos  plants,  tubular 
leaf  ii  338. 

Insertion  of  leaf  on  dorsiventral 
shoot  i  93. 

Integunient,ofm^;asporangium 
ii  614;  of  ovule  ii  610,  develop- 
ment 617,  significance  ii  615 ; 
of  sporangium  oi  Lepidocarpon 
ii  616. 

Integumentary  wing  of  ovule 
of  Coniferae  11638. 

Intercalary  growth.  See 
G-rowth. 

Intercellular  mudlageof  Hepa- 
ticae ii  76. 

Internal  symmetry  and  aniso- 
phylly i  354. 

Intemode  i  35;  length  and 
phyllotaxy  ii  443;  torsion  in 
plagiotropous  slioot  i  93,  in 
radial  shoot  ii  443. 

Interpetiolar  stipule  ii  368. 

Interruptedly  pinnate  leaf, 
cause  i  137 ;  of  Dicotyledones 
ii  331 ;  hiterpretetion  ii  333. 

Intracellular  mudlage  of  Hepa- 
ticae ii  76. 

Intramatrioal  vegetative  body 
of  parasite  ii  335. 

Intranuoellar  c;eimination  of 
embryo-sac  ii  633. 

Intrasemlnal  absorption  of  en- 
dosperm ii  403. 

Intnwporangial  germination. 
See  Oermination. 
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IntrMporogonial  germinatioiL 
See  Germination. 

Intravaginal  sqaamnle  ii  359. 

IntrovM  anther  ii  553. 

Inula^  branching  without  axil- 
lant  leaf  ii  433. 

InTerte-doraiventral  flower  of 
Selaginelia  ii  507;  growing 
out  vegetatively  ii  fo8. 

InTonion  of  leoif  ii  396 ;  ex- 
planation of  ii  397. 

InToiuoal,  of  Hepaticae  ii  93 ; 
of  Spermophyta  i  59. 

InTolaore,  arrest  through  loss 
of  fiinction  i  59,  ii  397 ;  de- 
velopment in  Lagascea  ii  543 ; 
of  Pnlsatilleae  ii  550. 

InTolution  of  leaf  i  85,  ii  398, 
Stahl's  hypothesis  of  ii  308 ;  of 
parts  to  resist  droognt  in 
Hepaticae  ii  65. 

Ipofnoea  Pes-Caproi^  plagiotropy 

Irregtdar  flower  i  ia8. 

Iriartea^  prop-root  ii  377 ;  thorn- 
root  ii  388. 

Irideaa,  flower-structure  and 
pollination  ii  547 ;  thom-root 
U388. 

/m,  inheritance  of  stamkal  varia- 
tion i  187 ;  leaf,  bilateral,  168, 
ii  394,338,developmentii  338, 
dorsal  wing  i  87. 

/.  varugata^ttS^  development  ii 

3^9- 

Isoataoeae,  spermatozold,  plnri- 
dliate  ii  173;  spore,  water 
distribution  ii  575 ;  systeniatic 
position  ii  173. 

Isoeies^  antheridinm,  develop- 
ment ii  181 ;  apospory  ii  607 ; 
arcliesporium  ii  601 ;  embryo, 
diflierentiation  ii  343,  position 
of  organs  ii  347 ;  gametophyte, 
male  ii  181 ;  kataphyll  ii  351 ; 
leaf,  terminal  i  16 ;  leaf-bome 
bud  ii  431,  436;  lignle  ii 
360;  megaspore,  difierentia- 
tion  ii  638 ;  microspore,  ger- 
mination ii  181 ;  prothallus  ii 
313,  development  ii  313  ;  rhi- 
2oid  rare  on  female  prothallus 
ii  189;  sporangium,  develop- 
ment ii  604,  sterilization  ii  555, 
605;  stem-apex,  suppression 
of  lateral  shoots  ii  431 ;  sys- 
tematic position  ii  173  ;  tape- 
tum,  secretion  ii  596 ;  trabecu- 
lae  of  sporangium  ii  555,  597, 
605;  transition  from  sporo- 
phyU  to  foliage-leaf  ii  510. 

Laystrix^  sporangium,  develop- 
naent  ii  604. 

/.  AirMx/rfx,apo8pory  i  3 14,  ii  607 ; 
nporangium,  development  ii 
^4>  vegetative  development 
increased  through  suppression 
of  reproductive  organs  i  314. 


/.  MaUnoemiamay  microspore, 

germination  ii  180. 
laophyllona         Selagindleae, 

flower  ii  50^. 
Iaopliyll7,  of  Hepaticae  i  103 ; 

of  Selaginelia  i  105,  ii  505. 
Isoaporooa,    Leptosporangiate 

Filidneae,  sporophyll  ii  485 ; 

Lycopodineae,    spore-ejection 

ii  580;  PtoridophyU  ii  577. 


Joglandeae,  basigamy  ii  615. 

Ju^am,  landnar  growth  euda- 
dous  ii  31 3 ;  leanet,  asymmetry 
i  I  a  3 ;  flower,  male  and  female, 
position  ii  473. 

y.  cinerea,  leaif-apex,  precedence 
in  growth  ii  310. 

/.  rtigia,  accessory  cotyledonary 
bud  i  434 ;  correlation  in  axil- 
lary bad  i  309;  kataphyll  ii 
388. 

Jnnoftgineae,  cotyledon,  difier- 
entiation  ii  408. 

/uncus,  leaf,  cylindric  ii  447, 
diflercntiatioa  ii  398,  radial 
>1  295>  3^8)  orthotropous  i 
68. 

y.  bufinius,  flower,  malformed 
by  starvation  i  191. 

/.  capitatus,  flower,  not  mal- 
formed by  starvation  i  191. 

J.  flaucus,  embryo,  incomplete 

11353. 
y.    ImnprocarpuSy   malformation 
caused  by  Livia  juncorum  i 

195- 
y.  supinus,  malformation  caused 

by  Livia  juncorum  i    195; 

tuber  i  363. 
Jungermcmnia,    archegonia    in 

groups  with  peridiaeflum  ii  89 ; 

elater  free  ii  09. 
y  albicans,  leaf  ii  41. 
y.  bicuspidata,  amphigastrinm  ii 

41 ;  elater  ii  09, 103  ;  etiolated 

Slant  and  light  i  341 ;  leaf- 
isplacement  through  light  ii 
4^3;  light,  directive  &fluence  of 
i  334  ;  oil-bodies  absent  ii  79; 
regeneration  ii  53 ;  shoot,  en- 
dogenetic  ii  45 ;  sporogonium 

"99- 
y.  curvifolia,  water-sac  ii  60. 
y.  hyahna,  spore-germinatioa  ii 

110. 
y.  Michaujcii,  oil-bodies  absent 

"79- 

y.  Sphagni,  sporogonium  and 
gemma  togetner  h  51. 

/.  trichophylta,  anisophylly  i  loi ; 
elater  ii  99  ;  leaf  ii  41 ;  spore- 
germination  ii  1 10. 

Jongermanniaoeae,  anisophyl- 
ly i  100 ;  antheridium,  develop- 
ment ii  13,  opening  ii   10; 


colour  and  light  ii  78 ;  (^ 
of  foliose  ii  50;  germ-plant 
and  light  1340;  lei£  displace- 
ment and  light  ii  41 ,  two-lobed 
ii  41;  Leitgeb's  divirioos  of 
acrogynous  and  anacrogynons 
ii  80;  li^t  and  foliose  u  77 ; 
mudlage-papilla  ii  38 ;  reten* 
tion  of  water  ii  53 ;  revenion 
of  leaf  to  thallus-fonn  ii  43 ; 
spore-germinatioQ  ii  107 ; 
sporogonium,  development  ii 
^7,  103,  mature  ii  96,  opening 
li  97,  without  elaterophore  ii 
99,  contains  spores  and  daters 
ii  ^,  sterilixation  ii  103. 

Juntptrus,  dislocator-cell  ii  614; 
megasporocyte  ii  638 ;  pollen- 
sac,  confluence  ii  554,  devdo^ 
ment  ii  556,  number  varies  ii 
553,  opening  ii  610,  terminal 
ii  516 ;  stamen,  pelute  ii  334; 
transition  frt>m  sponmgimn  to 
sporangiferous  lesf  ii  S06. 

y.  ckinensis,  virginiamum,  jnve- 
nile  form  i  154. 

y.  communis,  juvenile  form  1 1 54 ; 
stamen,  variation  in  one  flower 
U516. 

Jussiiusa,  air-root  ii  380 ;  influ- 
ence of  medium  i  360. 

y  grandiflora,  bxeathing-root 
absent  in  dry  soil  i  360. 

y.  salidftHa,  air-root  ii  a8o; 
sepal  and  petal,  venation  ii 

JuTenile  form  1 141 ;  absent,  in 
some  Algae  i  148,  in  some  An- 
giospermae  i  159;  of  Ai%;io- 
spermae  i  155;  of  aqnitic 
plants  i  164;  with  arrest  of 
adult  leaves  i  166,  ii  447, 450 ; 
arrested  formations  in  i  145 ; 
of  Bryophyta  i  151 ;  described 
as  distinct  roecies  i  149,  I59> 
ii  115;  differences  in  coo- 
figuration  i  145 ;  direction  of 
growth  i  143;  distinguished  by 
different  phyllotaxy  i  161; 
duration  i  145;  of  Gymno- 
spermae  i  153  ;  heteroblasty  in 
i  143 ;  homoblasty  in  i  143 ;  of 
marsh-plants  i  16^;  of  Pteri- 
dophyta  i  151 ;  result  of  adapta- 
tion i  170 ;  retention,  in  Algae 
i  149,  in  Hepaticae  i  1469,^ 
Lemnaceae  ii  336,  in  Musd  i 
H7>  I5i»  in  PasseHna\  167, 
in  Phyllogiossum  ii  336;  re- 
version  to  i  145,  \*i\,  ii  447i 
in  feeble  light  1  343,  in 
Monocotyledones  ii  447 ;  sex- 
ual organs  on  in  Cooiferae  i 
146 ;  tendril  absent  in  i  161 ;  of 
Thallophvta  i  148;  of  xero- 
philous  plants  i  165. 

JuTonlle  stage,  difference  from 
adult  i  143. 
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K. 

Satephyll  ii  384 ;  from  leaf-bate 
ii  386 ;  from  leaf-primordinm  ii 
384;  of  Monocotyledones  ii 
389;  origin  ii  384;  ^Itate  ii 
334, 500 ;  protective  li  385 ;  of 
Pteridophyta  ii  350 ;  stipmar  ii 
385  ;  storage-organ  ii  350, 398. 

JCauifussiay  synanginm  ii  585. 

Ketmedya  rubicunda^  jnv^le 
form  i  155. 

KitaibeUa  vitifolia^  carpel, 
branching  ii  537. 

KUinia^  shoot  as  water-reserycnr 

"45. 
KUnotropimn  i  116. 
Klugiay  anisophylly,  habitnal  i 

"3. 

K,  Notcniana^  cutting  of  inflo- 
rescence-axis i  46. 

Kfumiia  arvensis^  archesporinm 
of  pollen-sac  ii  599 ;  doubling 
caused  by  Ptronospota  viola- 
cea  i  193;  fringus-attack  and 
staminal  primordinm  i  ii ; 
heterophylly  ii  353. 

K,  arvensis,  var,  integrifolia, 
shade-form  ii  353. 

K,  sylvatica,  heterophylly  ii  353. 

Xnee-root  ii  380;  absoat  from 
Taxodiumdistichum  in  drysoil 
i  360. 

X117,  experiment,  silver  fir  and 
light  i  350. 

Kurtia  crenacanthcideti,  juvenile 
form  of  liverwort  ii  1 15. 

L. 

IiabiAtae,  corolla,  confluence  of 
parts  ii  538;  flower,  dorsi- 
ventral  and  radial  i  133,  sup- 
pression of  organs  i  ^7 ;  hair 
1 16 ;  inflorescence,  uniUteral  i 
136 ;  ovary  and  placentation 
ii  563;  shoot,  plagiotropous 
ii  469- 

Labiate  flower  1 131. 

LachenaliOt  antagonism  of  seed- 
formation  and  v^;etative  pro- 
pagation i  45. 

JL  luteola,  antagonism  of  seed- 
formation  and  vegetative  pro- 
pagation i  4f ,  3  J  3 ;  bulbil  1 45. 

Lamscea,  involucre,  development 

^"  543- 
Laguncularia  nuemcsa,  poeu- 

matophore  ii  378. 
Tiainallai  of  leaf,  of  Musci  ii  144) 

of  Hepoticae  ii  58 ;  of  thallus 

of  Hepaticae  ii  55. 
TrfiTnlTiar  growth,  apical  ii  310 ; 

basal  ii  334;  typ^  ii  313. 
TiamlTiariacwao,  nigher  differ- 
entiation i  31. 
Lamtum  macuUUum,  peloria  i 

189. 
Iiand*fonn  of  Rkcia  i  369,  ii 

34»45« 


Iiand-planto,  cellular  structure 

i34. 

LariXf  flower  female,  position  ii 
533;  juvenile  form  i  IK4; 
mecasporo<^,  solitary  ii  038; 
pollination  li  533 ;  prothallus, 
male  ii  614;  short  shoot 
precedes  long  shoot  in  unfold- 
ing ii  445. 

Z.  europaea^  short  shoot  and  long 
shoot  ii  444. 

Lastraea  pseudomas^  tfor,  cri- 
stata^  apospory  ii  ^. 

Latent  capacity  of  branching  ii 
431 ;  primoxdium  i  97,  of 
root  on  shoot  ii  3^5. 

Lateral,  anisophylly  defined  i 
108 ;  flower,  dorsiventrality  i 
133;  organ,  displacement  i 
74,  development  in  serial  snc- 
o^on  ii  543 ;  root,  exotropy 
ii  376,  not  geotropic  ii  376; 
shoot,  and  chief  axis  i  34,  dor- 
siventral  i  93,  suppression  at 
stem-apex  il  431. 

Lathraeay  embryo,  reduced  ii 
354;  or£an-forination  in  ab- 
sence of  light  i  357. 

Z.  Squamarta,  storage-kataphyll 

ii399- 

Lathy rus  Aphaca^  correlation  i 
310 ;  malformation  i  178; 
seedling  i  136,  3ii;  stipule, 
asymmetry  i  135,  frmction 
ii  366 ;  tendril  i  161 ;  transi- 
tion-form of  leaf  i  161. 

Z.  A,  umftfUaiuSf  malformation 
i  178. 

Z.  Ciynunum,  leaf-form  ii  163 ; 
stipule   arrested,  meaning  ii 

365. 

Z.  heierophyllus^  stipular  out- 
growth ii  367. 

Z.  UuifoUus^  stipular  drip-tip  ii 
367. 

Z.  Nissolia^  transition-form  of 
leaf  i  163. 

Z.  Ochrus^  transition-form  of 
leaf,  i  161. 

Z.  praUmis^  stipular  appendage 
11366. 

Laurineae,  pollen-sac,  position 

"554.       ^ 

Lavender,  shoot,  plagiotropous 
development  ii  459. 

Lea^  an  abstract  idea  i  8; 
adaptation  in  Filicineae  ii 
346;  adventitious,  non-exist- 
ent 11305;  anatomic  construc- 
tion ii  3^3 ;  apical  growth,  of 
Filices,  li  317,  of  Filicineae  ii 
31O)  313)  of  Musd  ii  131,  of 
Spermophyta,  ii  310;  apical 
segmentation  in  Musd  ii  133 ; 
of  aquatic  Filices  ii  348 ; 
arrest,  of  adult  i  167,  on  assimi- 
lating shoot-axis  11446;  asym- 
metry i  1 1 5,  of  entire  i  1 1 6;  basal 


growth  ii  306 ;  bifacial  ii  303 ; 
bilateral  ii  393^  338,  profile- 

6«ition  ii  393 ;  bipartite  of 
epaticae  ii  41 ;  branching,  of 
Dicotyledones  ii  339,  forming 
frdse  whorl  ii  333,  of  Gymno- 
spermae  ii  333,  of  Ophio- 
giossaceae  ii  483,  of  Pterido- 
phytaii  316;  change,of function 
1 8, 9,  of  position  in  ydccinmm 
MyrtUlus i 94 ;  oiChara i  15; 
chlorenchyma  ii  393  ;  crested 
ii  345  f  configuration  and  rda- 
tionsSiips  of  life  ii  345 ;  corre- 
lation, and  form  i  315,  of 
growth  i  309;  (^lindric  ii 
393 ;  development  li  303,  his- 
tory ii  303-4,  of  Pteridophyta 
ii  337,  of  Spermophyta  ii  331, 
and  venation,  ii  338;  dimor- 
phism of  Hakea  trtfurcata  ii 
393  ;  distinction  from  stem  i 
16;  distribution  of  growth  in 
ii  306 ;  divided  submerged  ii 
358;  dorsiventrality  ii  393; 
dnp-tip  ii  345 ;  dual  function 
ii  o,  398 ;  earlier  functioning 
parts  appear  earliest  ii  305; 
epipeltate  ii  334 ;  of  epiphytic 
Filices  ii  350 ;  of  Filices  with 
unlimited  growth  i  15 ;  fore- 
runner-tip ii  308;  free-living 
ii  335 ;  growth  limited  i  15 ; 
growth-area  and  form  ii  311 ; 
of  Hepaticae  ii  35,  38,  40; 
hypopeltate  ii  334 ;  inception 
of  lesi-surface  in  Spermoph3rta 
ii  311 ;  insertion  on  dorsi- 
ventral  lateral  shoots  i  93 ;  in- 
terruptedly pinnate  i  137 ;  in- 
•  version  ii  396 ;  inverted  struc- 
ture ii  396 ;  lamella  ii  144 ; 
monocotylous  form  in  Dicoty- 
ledones ii  395;  of  Musci, 
simple  and  unbranched  ii 
134;  origin  independent  of 
vegetative  point  ii  353,  305; 
outgrowth  as  water-reservoir 
ii  58 ;  peltate  ii  333,  long- 
stalked  ii  335,  short-stalked 
ii  334,  biological  relation- 
ships ii  335;  and  phyllo- 
dade  11450;. plug-tip  li  309; 
position,  in  dedduous  trees  i 
q6,  mechanical  hypothesis  of 
174;  profile-position  of  radial 
ii  393i  l^^t  by  torsion  ii 
^95  >  ptyxis  and  growth  ii 
311;  radial  ii  303,  395,  338, 
construction  of,  now  brou^t 
about  i  114;  segmentation 
of  primordial  ii  331 ;  sequence 
from  entire  to  divided  in 
Monocotyledones  ii  337 ;  size^ 
and  correlation  of  growth  i 
311,  and  venation  ii  343: 
splitting  ii  335;  stalked  and 
unstalked  compared  ii  301 ; 
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floboMfgcd  diridcd  ii  358; 
•VBUBCtr^r  i  114*  ^  comcnic- 
tioo  ii  393 ;  tenninal  i  16,  41, 
ti  JOfi,  541;   tuber  u   398; 

rr  ii  3ai ;  TMcnlar  bnn- 
ii  2^2f  withoBt  TMcalar 
bndle  ii  99J;  water-ftbtorb- 
^  W 347, 349;  water-rdsdoD 
io  Mnsd  ii  143 ;  wioff,  dofMd 
i87. 
IjMf-«p«x,i)ff«oedeDoe  ingrowth 

ti309. 

li^af  auriola,  of  Angiospemme 
ii  361 ;  of  Heptticae  ii  39, 58. 

Ii— f  b— ,  fonnijig  hypfophyll 
ii  39^^,  kaUphyll  ii  380 ;  tbnc- 
tioD  li  390;  of  Dicotykdonet 
ii  399;  of  Mooocotjledooet  ii 
398;  of Speniiophjtaii33i. 

JjMf-boroa^bad  i  43,  ii  341, 431 , 
436 ;  flower,  Ctlsely  docribed 
ii  436;  inflorescenoe  ii  436; 
sliootii34i,435;  qMnu^inm 
becomiiig  uds-bone  ii  556. 

IiMf-bnd  md  light  i  333. 

laMf-cUmber  ii  ^19,  593. 

ItMf  ^cushion,  of  Lycapodium  i 
103 ;  origin  ii  306  ;  of  Coni- 
ienieii  509. 

Ii— f  ontttng  i  45,  46;  differ- 
eooes  aoeofding  to  aj^  i  46. 

IiMif-dilllnronUstion  li  398 ;  of 
Mnsd  ii  134. 

IiMf-fomif  in  Auftralia  ii  393 ; 
of  DicotyledoDcs  ii  339;  in 
dwarf-conditions  of  Cmdferae 
i  359;  in  Eorope  ii  394;  evolv- 
tion  in  Aroideae  i  158;  of 
Gymnotpermae  ii  33a ;  modi- 
fied, on  renovatioQ-ihoots  i 
190;  of  Monocotyledones  ii 
333 ;  and  nutrition  ii  353 ;  of 
Pteridophyta,  ii  313 ;  in  rela- 
tion to  shoot-axis  oi  Cotyledon 
umhiiicHs  i  1 14,  ii  336 ;  series 
in  Filidneae  ii  330;  signifi- 
cance in  ian-palm  ii  336; 
transitions  i  10. 

Iieaf-formation  and  light  i  356. 

Iiaaf^hook  ii  419. 

Iioaf-lamina,  bnmching  ii  313. 

Iieaf-nootarr,  ii  430. 

IiMf-organa,  terminal  i  41. 

Ii6Af-pflokl«  of  Victoria  regia 
i  364. 

IiMf*primordiiim,  arrest  pro- 
dnces  hypsophyll  ii  393 ; 
division  in  Bonincasa  cerifera 
ii  393 ;  growth,  method  ii 
300 ;  origin  in  embryonal 
tisine  ii  305,  in  one  cell  in 
Filidneae  ii  305,  in  cell-gronp 
in  most  Pteridophyta  ii  300, 
in  cell-gronp  in  Spermophyta 
ii  306* 

Iieaf-root  ii  337. 

Iieaf-ahMthil  398;  and  azillarv 
structure    ii    399;    closed   U 


333 ;  of  Dieotvledoocs  ii  399 ; 
of  MonoootykdoDes  ii  398, 
333 ;  of  SpenBopbjta  ii  331 ; 
stonige-ofgan  i  8,  ti  398. 

Ti— f  apindln  cillmlww  ii  431. 

IiMtf-flUlk,  cofxtlatioii  with  la- 
BBioa  ii  300;  developed  from 
leaf-lamina,  ii  399;  derclop- 
uMOt,  cause  ii  300,  and  cn- 
▼iroomcDt  ii  301 ;  of  Dicotyle- 
dones  ii  300 ;  function  ii  399 ; 
of  Monoootyledooes  ii  399; 
origin  late  in  Spermophyta  ii 
331 ;  of  Pteridophyta  ii  314. 

I«eaf.«t«lk-oliiiibar  U  431. 

Iit^  ilftmlufo,  in  rdadoo  to 
enTironment  in  Pteridophyta  ii 
347;  and  water  in  Musd,ii  143. 

Iieaf-fllmoiiirea,  epidermal 
origin  in  Ephedra  i  17. 

Ii— f  tondril  i  161,  ii  419,  431. 

Ii— f-fptaolo  ii  419. 

Ii^af-thora,  ii  438 ;  of  £^br  and 
medium  i  363. 

tip,  of  Musdy  development 
i  131,  ii  306;  precedence  in 
growth  ii  308. 

tntti^tomuitioii.  See 
Transfomiatlon,  Traaa- 
fonned. 

Iiaaf-tnuisition  forms.  See 
^panaitfon. 

Ii— f-tober  ii  398. 

Ii— f-TUffina.  Seeli— f-ah— th. 

Ii— f-whorl,  fidse  ii  333, 37 1« 

If— fleaa  shoot,  fanctions  as  root 
in  Trichomanes  membrami' 
ceum  ii  364 ;  of  limited  growth 
i  30,  ii  450. 

Loftflet,  asymmetnr  1  134;  of 
unequal  size  i  I30. 

Iidoythidao— a,  hypocotylar 
storage  ii  359. 

Leeytkts,  hypooitylar  storage  ii 
360. 

Leersia^  scutellum  ii  415. 

Iiogiuninoaae,  dadode  ii  451 ; 
cotyledon,  asymmetry  ii  406 ; 
flower,  dorsiventral  from  the 
outlet  i  139 ;  finit,  colour  and 
transpiration  ii  C71;  inflo- 
rescence, unilateral  i  136;  leaf- 
arrest  on  assimilating  shoot- 
axis  ii  A46 ;  leaf,  asymmetry  i 
131  ;  snoot  as  water-reservoir 
ii  453 ;  stipel  U  380 ;  stipular 
appendage  ii  366;  stipule, 
asymmetry  i  131,  135,  ine- 
quality in  site  ii  366 ;  tendril, 
devdopment  ii  433. 

Iieitg«b,  groups  of  Acrogynous 
and  AuMrogynousJungerman- 
nieaeii8o. 

Lefiunia,  anchoring-disk  ii  45 ; 
archegonium,  solitary  ii  88; 
auride  ii  58;  elater  attached 
to  surfrice  of  capsule  ii  xoo ; 
gemma  ii  51 ;    pro-embryo  i 


146,  ii  108;  legeaeiatiua  n 
53  ;  Ksting-tNid  ii  44;  ^or, 
germinatiQa  ii  108;  apcro- 
without  daterophott 


L.{qUoief€mma)  GceUiU^^Odom^ 

toieftmnia)  wdraUHs^  gaama, 

ii  50. 
L,  btmbricMu,  o^allazywatcr- 

chamber  ii  58. 
Z^  AtetigtriopsiSj  juvenile  ibni, 

retention  i  146,  ii  113;  male 

plant  ii  109  ;  gemma,  limbed 

growth  i    143;    mdunentaij 

form  ii  114. 
Z./anKi2MS0,  water-sac  ii  64. 
£.  serfylUfoliOyW^GK^  gexiuiaa- 

tion  i  146,  ii  108. 
LememeOf  juvenile  form  i  14S; 

pro-embiyo,  i  148. 
Lembidium    dendroidemm^    fla- 

gellum  ii  43. 
Lirnnot  free-living  leaf  i  16,  ii 

335;    root,   hatfless  ii  36c; 

vegetative  body,  developmcit 

ii  336. 
Z.  minor,  growth  of  aquatic  rost 

in  sofl  ii  367. 
Z.  trisuka^  growth  of  aquatic 

root  in  soil  ii  367 ;  segments  cf 

plant  ii  336. 
Iiomnaoeae,  free-living  leaf  i 

335 ;  juvenile  form,  reteotios 

ii  336 ;  root-cap  ii  367 ;  vcge* 

tative   body,  morphology  t 

335;  v^etative  point,  aba: 

Iientibnlaarieaa,  flower,  de- 
velopment ii  543,  dofstven- 
tral  ii  543 ;  gynaeoeum,  para- 
carpous  ii  566;  pUcenta- 
tion  ii  566;  rootless  ii  365; 
transition,  from  root  to  leaf  fl 
340,  from  leaf  to  shoot  ii  336^ 

Iientioel  on  root  of  Zummttorm 
ii  380. 

Zentintis,  abnormal  8poro{Jiois 
in  daricness  i  358. 

Leottmrtu  Cardiaea,  pt^omii^ 

LepicoUa,  colour  and  enviroa- 
ment  ii  78 ;  flaedlum  ii  43. 

Z.  cavifolia,  flagdlum  ii  43. 

Z.  ochroleuca,  thickened  wall- 
memlvane  ii  76. 

Lepidium  sativum,  succulence  of 
leaf  depending  upon  salt  i  366. 

Lepidocarpon,  sporangium,  iate- 
gunent  ii  610. 

Lepidodtndron^  sporangium,  txa- 
becdae  ii  597. 

Lepidophyllum  quadrangulari^ 
leaf,  inverted  structure  ii  39<S. 

Lepieinia,  rudimentary  forms  ii 
115;  shoot,  endogeiieticti  45; 
spore,  ^enninatioa  ii  iia 

Z.  oicrurts,  leaf  ii  41. 

Ltpismittm  radicans,  dozaiven- 
trality  of  shoot,  reversible  i  331. 


Digitized  by 


QjOo^^ 


INDEX 


68i 


Iieptosporanglato  Filioineaa, 
antheridium,  free  ii  177 ; 
arcbegoninm,  deTelopment  ii 
184;  embryo,  orientation  of 
organs  ii  345;  leaf,  develop- 
ment ii  310;  sporangia  of 
different  age,  mixed  ii  496; 
sporangiam,  opening  ii  587, 
position  ii  493,  seam-cells  ii 
588,  stalked  ii  574,  stominm 
ii588. 

Iieptosporanginxn  ii  603. 

laeptoxylem,  ii  157. 

Iietioobryaoeae,  leaf-stractnre 
ii  145 ;   water-cell,  perforated 

Leucobryum,  dwarf  male  plant 

ii  I5»- 

L,glaucum,  xerophilons  structure 
maintained  in  water  ii  148. 

Leucodendron  argenteum,  coty- 
ledon ii  403. 

Leucofuntf  leaf-sheath  and  axil- 
lary structure  ii  399;  seed- 
germination,  time  of  ii  353. 

L.  verffUMf  root,  duration  of 
life  ii  390,  branching  sup- 
pressed ii  374. 

Iilane,i  159,  ii  389,  419.431, 
453>  593  ;  foliage,  permanent 
retardation  ii  454,  temporary 
retardation  ii  454;  shoot, 
transformed  radial  ii  453. 

Iiiane-growth,  temperate  and 
tropical  ii  4R3. 

Iiichenea,  fofiose,  usually  dor- 
siventral  i  71 ;  fruticulose, 
usually  radial,  i  71 ;  podetium, 
function  i  73  ;  symmetry  and 
direction  i  71. 

Licmophora  Jlabellata^  colony 
i30. 

Z.  radtcans^  colony  i  30. 

Iiight,  and  anisophylly  i  350; 
and  apogamy  i  339 ;  and 
arrest  of  organs  i  333 ;  and 
branching  of  marine  Algae  i 
337,  of  protonema  i  334;  and 
tomch-system  of  Cupressineae 
i  330 ;  and  change  of  function 
i  3^5 ;  and  chasmogamy  i  345 ; 
and  cleistogamy  1  345 ;  and 
colour,  of  flower  ii  55 1 ,  of  froc- 
tification  in  Sphaeriaceaei  358, 
of  Hepaticae  ii  77 ;  and  con- 
figuration, of  Algae  i  356,  of 
Bryophyta  i  334,  of  Fungi  i 
3K7,  of  Hepaticae  ii  77,  of 
plants  i  337  ;  and  develop- 
mental stages  i  338;  and 
direction  of  shoots  i  71 ; 
directive  influence  i  337,  357  ; 
and  dorsiventral,  inflorescence 
i  136,  shoot  i  330 ;  and  dorsi- 
ventrality  i  337 ;  and  flattening, 
of  aerial  root  ii  385,  of  organs 
i  345;  and  flower  i  345,  ii  551 ; 
and   flower-formation  i   343, 


Vochting's  experiments  i  344 ; 
and  germ-plant, of  Algae  {338, 
of  Hepaticae  i  339,  of  Musci  i 
341 ;  and  gonidium-formation 
i  3^7 ;  and  leaf-formation  i 
350;  and  opening,  and  closing 
of  flower  i  345,  of  sporangium 
ii  575 ;  and  organs  of  dicoty- 
lous  parasite  i  357 ;  and  pla- 
giotropous  shoot  of  Musci  i 
333  ;  and  polar  differentiation 
i  339;  and  pro-«mbryo  of 
Batracliospermum  i  338 ;  and 
prothallus  of  Pteridophyta  i 
341 ;  and  protonema  of  Bryo- 
ph3rta  i  339 ;  qualitative  in- 
fluence i  338;  and  regenera- 
tion of  Algae  i  337 ;  and  root- 
formation  i  331 ;  and  seedling- 
plant  of  Spermoph3rta  i  343 ; 
and  size,  of  coroUa  ii  551,  of 
flower  ii  551 ;  and  sporangium 
of  Pteridophyta  i  345;  and 
spore-germmation  i  339 ;  and 
sporpgonium  of  Musd  i  336 ; 
and  surfeioe-increase  of  organs 
i  345 ;  and  unilateral  inflo- 
rescence i  137;  and  zygo- 
morphy  ii  553. 

Iiignin  in  sporangial  wall  of 
Lycopodium  ii  578. 

liigulatoe,  systematic  value  ii 

173. 

IiignlAte  flower  i  131. 

Ligale,  ii  376 ;  of  Gramineaeii 
376,  418 ;  of  Isoetes  ii  360 ;  of 
Palmae  ii  378,  418 ;  of  Sela- 
ginella  ii  360 ;  of  Spirodela  ii 
336 ;  of  Zingiberaceae  ii  377. 

Ligustruftif  luitaphyll  ii  385; 
ovular  development  ii  633. 

LUlaoaae,  cotyledon,  epigeous 
green  ii  409;  leaf-lamina, 
differentiation  ii  300;  m^a- 
8poroc3rte  becomes  embryo-sac 
ii  635. 

Lilium,  bulbil  ii  369. 

Z.  auratumyiancifolium^  flower 
becomes  dorsiventral  in  de- 
velopment i  139. 

L.  cemdidum^  antagonism  of 
vegetative  propagation  and 
se«l-formation  1 45,  3 13 ;  leaf, 
change  of  function  i  8,  ii  398; 
storage-leaf  of  bulb  ii  398. 

Iiimitation  of  development  of 
organs  i  143 ;  of  organs  i  14. 
See  also  Orowth. 

Ldmrumthemumy  leaf-borne 
flower  fiedsely  described  ii 
43<5. 

LitnnophUa  heterophylla^  false 
leaf-whorl  ii  333,  370;  hetero- 
phylly  ii  358. 

Linaria,  root-bud,  exogenetic  ii 
377. 

Z.  spuria^  cleistogamy  and  light 
iH5- 


L,  vulgaris^  adventitious  shoot, 

position  ii  377. 
Lsftum,  ovule,  epithelium  ii  638, 

haustorium  ii  638. 
Liparis  latifolia,   ovule-forma- 
tion induced  by  stimulus  of 

insect  i  370. 
LiriodendroHy  stipule,  protective 

function  ii  363. 
Z.  Udipiftra^  phyllotaxy  i  95; 

stipule,  protective  function  ii 

3^3. 
Liriosma^    ovule,    ategminy  ii 

619. 
Listera  cordata^  transformation 

of  root  into  shoot  ii  337. 
LUtonia,  leaf-tendril  ii  438. 
Livia  juncorum,  malformation 

caused  by  i  195. 
Iioasaoeae,  androedum  ii  535. 
Lobelia,  ovary  syncarpous  ii  563 ; 

staminal  tube,  concrescence  i 

53- 

Z.  ErinuSy  flowering  and  rays 
of  spectrum  i  344. 

Loliunty  £lnme,  suppression 
through  loss  of  function  i  58 ; 
hypsophyll,  divided  arrested 
ii  397 ;  lignle,  protective  func- 
tion ii  378. 

Z.  temuUntumy  gitmie,  suppres- 
sion i  57;  hypsophyU,  divided 

ii  397. 

Lanuntaria  impudicay  division 
of  labour  amongst  shoots  i  39. 

lK>ng  shoot  and  short  shoot  i 
35,  ii  444 ;  of  Hepaticae  ii  43; 
of  Musci  ii  119. 

Lonicera,  leaf,  double  i  190, 
insertion  i  93;  shoot,  dorsi- 
ventral lateral  i  93,  orthotro- 
pous  or  plagiotropons  i  68. 

Z.  Periclymenum,  liane-growth 

ii  453. 

LophocoUa,  archegonia  in  groups 
with  perichaetium  ii  89 ;  spore- 
germinaticm  ii  110;  water- 
reservoir  ii  58. 

Z.  bidenteUa,  endogenetic  shoot  ii 
45 ;  gemma  ii  50 ;  regeneration 
ii  53. 

Z.  heierophylla,  embryo  ii  103. 

Z.  murUaiai  foliar  water-reser- 
voir ii  58. 

Iioranthaoeaa,  embryo-sac  em- 
bedded in  torus  ii  030 ;  ovule, 
reduction  ii  631,  rudimentary 
ii  630. 

Loranthus  peniandrus,  spkaerO' 
carpus  ii  630. 

Lotus  comicukUuSy  a  halophyte 
i  366;  stipule  ii  361. 

LoxsonuLy  sporangium,  opening 
U588. 

IioxaomaoMte,  sporangia  basi- 
petally  developed  ii  496. 

Labbook,  on  he  of  embryo  in 
seed  i  115,  ii  406. 
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Zumniixera,  lenticel  on  root  ii 
aSo. 

Lunulariaf  air-caTities  ii  75; 
gemma  ii  49,  and  light  i  227  ; 
sporogonium,  opening  ii  97. 

Z.  vulgariSf  dioecism  ii  80. 

LupinuSf  cotyledon,  asymmetry  i 
115 ;  leaflet,  nneqnally  sixed  i 
128 ;  root,  movement  in  toil  ii 
376. 

Luimia/laveuenSfForstiritfioyrtT 
modified  by  attack  of  brand- 
fongoi  i  193. 

Lychnis f  gynaeoenm  and  placen- 
tation  ii  564. 

L,  vespirtina^  lex-change  dne  to 
Ustilago  anther  arum  \i^^ 

Lyciutn  oarbarum^  axis, 
85. 

lijoopodixMaa,  anisophylW  i 
102  ;  branching  ii  432 ;  dadode 
ii  448 ;  development,  homo- 
blastic  i  iM ;  embryo,  differen- 
tiation ii  344,  polar  dif- 
ferentiation ii  247;  flower, 
podinm  ii  510,  and  vegetative 
shoot  ii  509;  gametophyte  ii 
loi ;    laminar  growth,  basi- 

Slastic  ii  313;  phvUotazy  in 
ichotomous  branching  i  81 ; 
rootless  ii  364 ;  spermatozoid, 
biciliate  ii  172;  sporangium, 
arrest  ii  ^10,  bilateral  ii  574, 
581,  dorsTventral  ii  581,  open- 
ing ii  ^78,  origin  from  loif- 
organ  ii  473,  position  ii  493, 
time  of  origin  ii  504 ;  sporo- 
phvll  ii  503,  and  foliage-leaf 
alike  in  position  and  origin  ii 
477,  and  wind-distribntion  of 
spore  ii  474 ;  Upetnm,  secre- 
tion ii  596;  transition  from 
sporophyli  to  foliage-leaf  ii 
510;  tropo-sporophyll  ii  510. 
Lycopodtum^  anth^<unm,  em- 
bedded ii  174,  opening  ii  196 ; 
cellulose  in  spoiangial  wall  ii 

P8  ;  dorsiventrality  and  light 
104;  embryo,  position  of 
organs  ii  347 ;  endogenetic 
fiiit  root  ii  373;  gemma, 
abjection  ii  467 ;  heterophylly 
ii  346;  leaf-cushion  i  103; 
lignin  in  sporangial  wall  ii 
578;  protocorm  11  331;  pro- 
thallns,  development  ii  194, 
dorsiventral  ii  193,  radial  ii 
191 ;  shoot,  hypogeous  i  104 ; 
spermatoxoid-structnre  sim- 
plest ii  173;  sporangium, 
mature  ii  578,  position  ii  575, 
phyletic  hypotnesis  of  trans- 
formation u  606,  wall  and 
dehiscence  ii  ^79 ;  stomium  ii 
579;  symbiosis  with  fungi  ii 
3i8 ;  transformation  of  sporan- 
gium into  sporophyli  ii  606 ; 
'  tubercule  primaire '  ii  194. 


L,  a/pimum,  anisophylly  i  103. 

Z.  atmotmumt  embryo,  differen- 
tiation ii  344,  position  of 
organs  ii  347 ;  flower,  apodial 
oithotropons  erect  ii  510; 
prothallus,  saprophytic  ii  193 ; 
spoimngium,  poution  ii  510; 
spore,  discharge  ii  580 ;  sporo- 

genotts  cell-mass,  nutrition 
597  ;  sporophyli  differs  from 
foliage-leaf  ii  503. 

Z.  carimUmm,  prothallus  filiform 
iii93. 

Z.  caro/imaHmmf  flower,  ortho- 
tropy  ii  509. 

Z.  um$mm,  embryo,  differen- 
tiation ii  344;  gametophyte, 
primitive  ii  583;  prothallus, 
chlorophyllons  ii  1 93,  develop- 
ment ii  194,  water-relation- 
ship ii  315 ;  pcotocorm  ii  331 ; 
sporangium,  dehiscence  ii  583 ; 
sporophyll,hypopeltate  ii  503. 

Z.  Chamoicypansmi^  anisophyl- 
ly and  external  factors  i  3^5. 

Z.  clavatumf  not  anisophyllous 
i  I03  ;  branching  ii  433 ;  em- 
bryo, differentiation  ii  344, 
position  of  organs  ii  347; 
flower,  orthotropy  ii  509; 
prothallus,  development  ii 
194,  saprophytic  ii  193 ;  spo- 
rangium-wall, lignin  U  579; 
sporogenous  cell-mats,  .nutri- 
tion ii  597 ;  stomium  U  579* 

Z.  ccmplamUumy  anisophyUy  i 
100,  103,  caused  by  lifht  i 
353;  prothallus,  saproimytic 
ii  193;  shoot,  dorsiventral  ii 
419,  dorsiventral  and  flower, 
radial  ii  509,  flattened  and 
light  i  349 ;  lymbiofis  with 
fimgi  ii  319. 

Z.  IfippuriSf  prothallus  filiform 
u  193. 

Z.  inundatum,  not  anisophyllous 
i  103 ;  embryo,  differentiation 
ii  344;  flower,  orthotropy 
ii  500 ;  gametophyte,  primitive 
ii  583 ;  mudlage-formation  ii 
503 ;  a  primitive  type  ii  609  ; 
prothallus,  chlorophyllons  ii 
193,  developmentii  194,  water- 
relationships  ii  3 1  ^ ;  protocorm 
ii  331 ;  reproduction,  capacity 
i  143 ;  shoot,  adventitious,  of 
embryo-plant  i  4^6;  sporan- 
gium, deniscence  li  583,  dorsi- 
ventral ii  574,  position,  and 
leaf  ii  583,  wall  and  dehi- 
scence ii  579. 

Z.  linifolium,  flower,  podial  or- 
thotropous  and  pendent  ii  5 10 ; 
sporangium,  position  ii  510. 

Z.  lucidulumf  gemma  ii  467. 

Z.  Mummuiariaefoiitimf  prothal- 
lus, filiform  ii  193 ;  symbiosis 
with  fungi  ii  319. 


Z.  PhUgmariaf  flower,  podial 
orthotropous  pendent  ii  510; 
prothallial  gemma  ii  314; 
prothallus  ii  193 ;  sporangium, 
position  ii  51a 

Z.  rejlexum,  gemma  ii  467. 

Z.  salaheHse,  prothallus,  diloro- 
phyllous  ii  1 93,  development  ii 
194;  'tuberculeprimaire'ii  317. 

Z.  Selago,  not  anisophyllous  i 
103 ;  embryo,  differentiatioQ  ii 
344;  flower,  apodial  ortho- 
tropous erect  ii  510;  genuna 
ii  467,  607;  paraphyset  on 
prothallus  ii  193 ;  propagative 
adventitious  shoot  on  pro- 
thallus ii  3 1 3 ;  prothallus,  dor* 
siventral  ii  193,  saprophytic  ii 
193;  sporangium,  position  ii 
510;  sporophyli  anid  foliage- 
leaf  alike  ii  503,  509 ;  trac- 
tion between  sporophyli  and 
foliage  leaf  ii  510. 

Z.  voMnUf  climbing  leaf  ii  419; 
hook  on  leaf  ii  346. 

Iiygodieaa,  apiad  growth  of 
\itSj  prolonged  ii  319. 

Lygodium^  antheridium  firee, 
opening  ii  1 77 ;  climbing-organ 
ii  593 ;  indusium  ii  497 ;  pro- 
thallut  apandrous  ii  33o;  spo- 
rangium, and  annulus  ii  593, 
displacement  ii  ^^  mature 
ii  591;  sporophyli,  develop- 
ment ii  478. 

LJapanicum^  archegoninm,  vixe- 
scentii  1 87 ;  leaf-cUmberU  593 ; 
sporangium,  position  ii  593. 

Z.  microphylhtm^  sporangium 
and  opening  ii  593. 

L,palmaium^  leaf,  dorsal  row  i 
91 ;  stem,  dorsiventrality  i  91. 

Z.  termiftale,  prothallus,  ter- 
minal meristem  ii  305. 

LysichiUm,  antipodal  cells^  in- 
crease in  number  ii  637. 

Lythrum  Salicaria^  flower,  nu- 
merical symmetry  ii  538. 

M. 

Maoropodona  embryo  ii  360. 
Macronamia  Fraseri,  coral-like 

air-root  ii  381. 
M,  Miquclit  pinnule,  basipetal 

development  ii  333. 
Madoihua,  spore-germinatiQa  ii 

108. 
Magnolia,    kataphyll    ii    386; 

stipule,  protective  ii  363. 
M,  CampUlH,  Untbrella^t^xpo^, 

protective  ii  386. 
M,  fuscata,  kataphyll,  stipnlar 

a  386. 

Maise,  inherited  sterility  i  186. 

See  also  Zea  Mais. 
MaUuhium,  gynaeceum  and  pla- 

cenution  ii  564. 
ICala  flower.    See  71ow«r. 
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Halegametophyte.  SeeOame- 
tophjrte. 

Hale  prothallas.  See  Mioro- 
jKrothalliie. 

Male  sexual  organ.  SeeAnthe- 
ridiom. 

Malformation,  of  archegoninm 
ii  15  ;  of  bud  1  178 ;  dSnition 
i  177 ;  deraDgement  of  organs 
i  196;  offongii  187;  caiued, 
by  fnngi  i  lysi  ii  526,  by  in- 
lects  i  178,  194,  by  over- 
nutridon  i  190,  by  under- 
nutrition i  191 ;  etiology  i 
184;  experimentally  evoked 
i  187;  of  flower  i  177,  181, 
180,  in  Coniferae  ii  524; 
galls  i  196;  inherited  i  185, 
190;  of  leaf  i  191 ;  question  of 
new  formation  in  i  196;  of 
ovule  i  180;  of  roots  i  191 ; 
significance  i  177;  of  sexual 
organ  of  Pteridophyta  ii  187 ; 
spontaneous  i  184,  transmis- 
sible by  seed  i  184  ;  of  stamen 
i  180 ;  of  stem  i  190 ;  value  in 
organography  i  170. 

Malpigbl,  on  leaf-development 
ii  30a. 

Malpighiaoeae,  searcher-shoot 

ii455- 
MalvUt  carpel,  branching  ii  537. 
M.  vulgetrtSf  flowering  and  light 

^  ^^ 
Malvaoeae,  caipel,    branching 

ii  537 ;  chorisis  of  stamen  ii 

536;  flower,  radial  lateral  i 

133;  pollen-sac,  reduction  of 

number  ii  554 ;  stamen,  basi- 

petal  succession  ii  543. 

Mammilla  on  leaf-surface  of 
Musd  ii  143. 

Mammillaria  macrotheU^  leaf- 
nectary  ii  430. 

Mammillarieae,  concrescence 
of  axillary  shoot  and  axillant 
leaf  ii  436 ;  inflorescence,  leaf- 
home  ii  436 ;  transition  from 
thorn  to  nectary  ii  43a 

Mangifera  indica,  polyembryony 
ii  637. 

Mangrove,  embryo,  viviparous 
ii  355;  pneumatophore  ii 
378;  root-system  from  chief 
root,  suppressed  ii  373. 

Mantle-leaf  of  Plaiycerium  ii 

350. 

Marantaoeaa,  petaloid  half- 
stamen  ii  554;  pollen-sac, 
arrest  ii  554. 

M€traihrum,  root-borne  shoot  ii 
338. 

M.  uiiUf  root  with  shoot  ii  337. 

Marottia^  synangium  ii  586, 
sterilization  ii  605. 

M,  fraxima^  synangium  ii  586. 

Marattiaoaae,  antl^ridium ,  em- 
bedded ii  174,  opening  ii  176; 


archegoninm,  development  ii 
184;  embryo,  differentiation 
ii  344 ;  kataphyll  of  adventi- 
tious bud  ii  350 ;  leaf,  develop- 
ment ii  315 ;  leaf-stalk  ii  314; 
leaf-structure  ii  315;  prothal- 
las ii  198;  shoot,  lateral,  at 
apex  of^stem,  suppressed  ii 
431 ;  sporangium,  mature  ii 
585,  opening  ii  587,  position 
ii  403 ;  sporophyll,  and  foliage- 
leaf  alike  in  position  and  origin 
ii  477,  the  ordinary  foliage- 
leaf  ii  483;  stem,  tuberous  ii 
43 1 ;  stipular  bud  i  46 ;  stipule 
ii  3>5>  3^5 1  synangium  ii  585, 

Marcgraviay  juvenile  form  mis- 
taken for  aroid  i  159 ;  juvenile 
state,  result  of  adaptation  i  1 70 ; 
liane  i  159. 

Marograviaoeaa,  bract,  tubular 
ii  338 ;  juvenile  form,  direction 
of  growth  i  143. 

Marckantia,  antheridiophoreand 
arch^oniophore  ii  85 ;  apical 
cell  ii  31 ;  branching  ii  3i ; 
breathing-pore  in  transpiration 
ii  74;  ^-row,  protective  ii 
30;  colour,  violet  of  antheridial 
pit  ii  10;  dorsiventrality  and 
light  i  337 ;  ^emma  i  337,  ii 
49 ;  germination  of  spore  and 
gemma  compared  ii  113;  re- 
generation i  48;  spore,  thin- 
walled  ii  106. 

M,  chenotoda^  scale  with  apical 
appendage  ii  30. 

M.  lamellosa,  scale  and  rhizoid  ii 
3a. 

M.  polymorpha^  air-cavities  li 
73;  antheridium  and  sperma- 
tozoid  ii  9;  female  plant  ii 
86;  gemma,  development  i  337, 
ii  1 13 ;  germ-disk,  small  ii  1 1 3 ; 
male  plant  ii  85 ;  rhizoid,  dis- 
tribution ii  33;  symmetry  of 
gonophore  ii  85. 

Marohantiaoeaa,  air^cavities  ii 
73 ;  antheridiophore  ii  84 ; 
antheridium,  development  ii 
1 3,  opening  ii  1 1 ;  archefi^onio- 
phore  ii  84 ;  colour  and  light 
U  78 ;  embiyo-plant  and  light 
i  339 ;  gnivity*  relationships  ii 
76 ;  involution  of  parts  to  resist 
drought  ii  65 ;  light  and  growth 
ii  77;  mudlage-cell  li  76; 
oil-body  ii  79;  reversion  to 
juvenile  form  i  171 ;  rhizoid, 
division  of  labour  ii  46 ;  scale, 
protective  ii  39;  shoot,  form 
of  etiolated  i  349;  spore- 
germinatioQ  ii  iii ;  iporogo- 
nium,  development  ii  97,  104, 
mature  ii  96,  opening  ii  97,  con- 
tains spores  and  elaters  ii  99 ; 
thallus,  symmetry  i  86,  ii  19; 
water-storage  tissue  ii  76. 


Marginal,  growth  of  leaf  of  Fili- 
cineae  ii  313;  ovule  ii  558,  of 
Cycadaceaeii  511. 

Marine  Algae,  branching  in 
relation  to  light  i  337. 

Marsh-plant,  endogenetic  ad- 
ventitious root  ii  373;  leaf, 
arrest  on  assimilating  shoot- 
axis  ii  446;  heterophylly  ii 
357;  juvenile  form  i  164; 
riband-form  of  leaf  in  mono- 
cotylous  ii  357. 

MarsiUoy  antagonism  between 
reproductive  and  vegetative 
organs  i  ai3;  dorsiventrality 
i  91;  embryo  and  gravity  i 
330 ;  megaspore  i  330,  ii  31a ; 
microspore  u  180;  radial  leaf 
i  1 14 ;  rhizoid  of  female  pro- 
thallusii  189;  spore-distnbn- 
tion  ii  313  ;  spore-germination 
in  absence  of  light  ii  190; 
sporocarp  ii  491,  outgrowth  of 
sterile  leaf  ii  479 ;  stem,  creep- 
ing i  91. 

M,  Brownii,  sporocarp  ii  49a. 

M.  Drummondiy  megaspore, 
germination  ii  3I3. 

if/T  polycarfa,  an  aggregate 
species  ii  479;  sporocarp, 
development  ii  493,  maxginal 
formauon   ii    479,   origin   ii 

479- 

M,  quadrifolia,  effect  of  land 
and  water  on  formation  of 
sporophvU  ii  498;  growth  in 
land  and  in  water  ii  498. 

M,  sudofiigultUa,  specific  value  ii 

479- 

M,  subterranea^  hypogeous  sporo- 
carp ii  493. 

Marailiaoeae,  antheridium,  de- 
velopment ii  180;  dorsiventra- 
lity ii  480;  embryo,  position 
of  organs  ii  347;  gametophyte, 
male  ii  180;  megasporangium, 
tetmd-formation  ii  603 ;  mega- 
spore, reduction  in  number  ii 
636 ;  microspore,  germination 
ii  180;  pinnule,  unilateral 
formation  ii  480;  prothallus, 
female  ii  313,  limited  develop- 
ment i  143,  male  ii  180; 
sporangium,  arrangement  ii 
496,  position  ii  493,  protected 
in  pit  ii  498,  reduced  not 
radial  ii  574,  sunk  in  sporocarp 
ii  474 ;  spore-distribution,  not 
a  function  of  sporangium  ii 
573,  in  water  ii  474,  575; 
sporocarp  ii  474,  development 
ii  490,  hypogeous  ii  493; 
sporophyll  as  new  formation 

ii  477, 479.     ^^      , 
Massart  on  leaf-development  11 

305- 
Maaaolae  of  Aiolla  ii  3 18. 
Mastigobryumttxaao^hyVLji  loi ; 
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endoeenetic  shoot  ii  45;  in- 
volution, dorsiventral  i  86; 
flagellam  ii  43,  ase  ti  aaS ;  pro- 
file-position of  leaf  ii  135. 

M.  trilobatum,  anisophyllv  i  102. 

Material  and  form,  Sachs'  hy- 
pothesis i  200. 

Maloniaoeae,  sporanginm,  dis- 
position ii  496. 

Maturity,  terminal  sta^e  of  a 
series  i  9,  ii  304. 

Maurandia,  leaf-stalk-climber  ii 
421. 

Meobanioal,  hypothesis  of  leaf- 
position  i  74;  stimulus  and 
configuration  of  organs  i  268. 

M»dicago  sativay  pressnre  and 
development  of  mflorescence  i 

Medinitta  raduans,  root-tendril 
ii  287. 

Medium,  and  amphibioos  plants 
i  260 ;  and  aqnatic  Dlants  i 
260;  and  Fonffi  i  206;  and 
hak-points  of  Mnsci  i  261 ; 
and  halophily  i  265  ;  and  leaf- 
soccnlence  i  264;  and  organs 
i  2R9;  and  prickle-formation 
i  203 ;  and  resting  states  i  261 ; 
and  thom-formation  i  263; 
and  tuber-formation  i  26a. » 

Megacarpaea^  flower-structure 
and  pollination  ii  547. 

Mecaprothallus,  of  Angio- 
spermae  ii  636 ;  of  Coniferae 
developed  after  pollination  ii 
624 ;  of  G3rmnospermae  ii  629; 
of  Heterosporous  Filicineae  i 
220,  ii  211 ;  oilsoetes  ii  212 ; 
of  Selaginella  ii  194. 

Megaaoros  of  Azolla  ii  488. 

MegaQ>oraiisiam,  of  Calamo- 
stachys  Caskeana  ii  602;  of 
Isoetes,  development  ii  603; 
ofPteridophytaii  578, develop- 
ment ii  do2  ;  of  SelagituUa  ii 
580,  development  ii  508,  603, 
disposition  ii  508.  See  also 
Ovule. 

Megaepore,  of  Heterosporous 
Filicineae,  germination  i  220 ; 
ii  211 ;  of  Isoetes^  differentia- 
tion ii  628;  ejection  in  Selagi- 
nelleae  ii  509.  See  also  Bm- 
bryo-tao. 

Megaaporooyte,  and  microspo- 
rocyte  of  Angiospermae,  homo- 
logy ii  625 ;  of  Coniferae  ii 
628;  becomes  embryo-sac  in 
Liliaceaeii625 ;  tetrad-division 
in  Spermophyta  ii  625. 

Megasporophyll,  of  Hetero- 
sporous Filicineae  ii  487 ;  of 
Selaginella  ii  471.  See  also 
OarpeL 

Melaleuca  micromera^  reversion - 
phenomena  i  167;  reversion- 
shoot  i  172. 


MelampyniMt  inflorescence,  uni- 
lateral i  136. 

Af.  pratense, cotyledon^  persistent 
ii  403;  inflorescence,  unilateral 

1137. 

M.  syhaticum,  inflorescence,  uni- 
lateral i  137. 

Melandrium  tUdum,  ru^rum, 
flower  and  light  i  245. 

Afelasl0maeeae,SLxaBophylly,  habi- 
tual i  III. 

MeliantkuSf  stipule,  axillary  ii 

37a. 

Melica  cUiaiay  nutans^  leaf-in- 
version, explained  ii  297. 

MelocMtus^  adult  feature  i  174. 

Melodorum  bancanumy  searcher- 
shoot  ii  454. 

Memspermum  canadense,  acces- 
sory axillary  bud  ii  434. 

Menyanthis^  ovule,  epithelium 
11638. 

M,  trifoliata,  root,  chlorophyl- 
lous  ii  280 ;  hairless  ii  269. 

Meroklin  on  leaf-development 

11303. 

MercuriaHs  perermis^  transition 
between  epiceous  and  hypo- 
geous  cotyledon  ii  403. 

Meristem,  apical  and  lateral, 
phyletic  relationship  in  pro- 
thallus  ii  205. 

Myrmecodia^  thorn-root  ii  288. 

Mesembryttnthemum^  transform- 
ation of  stamen  into  petal  ii 

551- 

Meaocotyl  of  Cyperaceae  ii  41 2. 

Mesopodium  ii  304. 

Metalesia^  leaf-inversion  by  tor- 
sion ii  296. 

Metamorphoaia,  doctrine  i  5  ; 
is  ontogenetic  i  11. 

Mettgeria^  apical  cell  ii  21 ; 
branchhig  ii  21;  ejection  of 
spore  ii  loi ;  gemma  ii  49 ; 
mucilage-papilla  ii  28 ;  reten- 
tion of  water  ii  55;  spore- 
germination  ii  107;  sporogo- 
nium  with  elaterophore  ii  loi ; 
thallus,  winged  ii  20 ;  ventral 
shoot  bearing  sexual  organs  ii 
82. 

M,  australiSy  perichaetium  ii  83. 

M,  conjugaia^  gemma  ii  49. 

M,Jurcata^  adventitious  shoot  as 
gemma  ii  49  ;  perianth  absent 
ii  82 ;  oil-bodies  absent  ii  79 ; 
regeneration  ii  52 ;  vegetative 
point  ii  20,  23. 

M,  pubescenSf  oil-bodies  absent 
ii  79 ;  water-retention  ii  55. 

M,  saecala,  water-sac  ii  56. 

Microprothallua,  of  Angio- 
spermae ii  614;  of  Gymno- 
spermae  ii  612;  of  Hetero- 
sporous Filicineae  ii  180, 182; 
<a  Isoetes  u  181 ;  of  Selaginella 
ii  182. 


Mioropyle,  function  ii  615. 

Mioroaorua  oiAtdla  ii  488. 

Mioroaporangium,  of  Calama- 
stachys  Caskeana  ii  602;  of 
Heterosporous  Pteridophyta  ii 
487, 602 ;  of  Selaginella  ii  5S0, 
development  ii  600.  See  also 
Pollen*8ao. 

Miaroapore,  of  Heterosporous 
Pteridophyta,  germinatioQ  ii 
180 ;  of  Salviniaoeae,  distribu- 
tion ii  218.  See  also  Follen- 
grain. 

Mioroaporophyll,  of   Hetero- 

Sorous  Filicineae  ii  487.  See 
so  Stamen. 

Mimosa  sensitioa^  leaflet,  asym- 
metry i  124,  unequally-sized 
i  126. 

Mimoaeae,  flower,  arrangement 
of  parts  ii  531 ;  lea^  acropetal 
branching  ii  330. 

Mimuius  TiUngii^  flower  and 
light  i  245. 

Mirabilis  Jalapa^  root,  cUoto- 
phyllous  ii  280. 

Mistletoe f  embryo,  reduced  ii  254. 

Mites  cause  Enneum-galls  i  196. 

Mniaoeae,  spore,  shedding  ii 
165. 

Mniupif  antheridium,  opening  li 
II;  paraphysesii  151. 

M.  Aornum,  sporogonium  ii  161 ; 
capsule,  wall  ii  162. 

M.  undulatum,  anisophylly  i 
100;  archegonial  group  ii  152; 
arcbegonium,  development  ii 
17;  scale-leaf  ii  134;  shoot, 
radialand  plagiotropous  ii  1 32 ; 
vegetative  shoot  plagiotropous, 
propagative  shoot  orthotro- 
pousi  69. 

Modifloation,  of  flower  by  over- 
nutrition  i  190,  by  starvation  1 
191 ;  of  host  by  parasitic 
fungi  1192;  ofsex  by  external 
conditions  i  191. 

Morkia,  mudlage-papilla  ii  28 ; 
perichaetium  ii  83. 

MoAria,  annulus  and  mature  spor- 
angium ii  591 ;  antheridium 
free,  opening  ii  177 ;  prothal- 
lus,  lateral  meristem  ii  205 ; 
sporangium,  displacement  ii 
494;  sporophyll  and  foliage- 
leaf  alike  ii  478. 

M.  cajffrvrum,  prothallus,  apan- 
drous  ii  220;  sporangium  ii 
588. 

Momordica,  tendril,  morphology 
ii  425. 

M,  dalsamina,  tendril,  develop- 
ment ii  423;  transition  from 
prophyll  to  tendril  ii  426. 

Monerglo,  and  polyergic  cells 
of  Siphonodadiaceae  i  24; 
organization  of  Cklamydomo^ 
nas  i  2'j;   plant-body  i  24; 
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plants  i  35  ;  spherical  body  of 
Eremoiphaera  i  65 ;  transition 
to  polyergic  fonns  i  34. 

Monooarpic,  ^ametophyte  of 
Pteridophyta  li  189. 

M&nocleaj  antheridium,  develop- 
ment ii  13;  rhizoid,  diyidon 
of  labour  ii  46 ;  sexual  organs, 
d]n)osition  ii  80;  vegetative 
pomt,  mucilage  protection  of 
iiaS. 

Af,  dUatcUay  rhizoid  ii  46 ;  sexual 
organs  ii  i  a. 

Monoootyledonea,  antipodal 
cells,  increase  in  number  ii 
637 ;  assimilating  axis  a  trans- 
formed inflorescence-axis  ii 
447;  dadode  ii  449;  cotyle- 
don, differentiation  ii  408,  epi- 
geous  ii  409,  hypogeous  ii  410, 
sheath  ii  408,  410,  terminal  i 
16;  embryo,  differentiation  ii 
34^,  retarded  ii  350,  vegetative 
pomt  absent  ii  345,  storage  of 
food  ii  360;  exalbuminy  ii 
403,  408 ;  exstipulate  ii  365 ; 
flower,  anemophilous  ii  547; 
germination,  viviparous  ii  356; 
growth,  intercalary  predomi- 
nant ii  398,  333 ;  hook-leaf  ii 
430;  hypsophyll,  hypothesis 
legaiding  evolution  li  396; 
inflorescence,  unilateral  i  136 ; 
kataphyll  ii  389 ;  lamina  con- 
volute m  bud  ii  309 ;  laminar 
growth,  basal  ii  334,  basi- 
plastic  ii  313;  l«if,  apex, 
precedence  in  growth  of  ii  309, 
arrest  in  assimilating  shoot- 
axes  ii  447,  base  ii  398,  bilateral 

/  ii  338,  development  ii  333,  dor- 
siventral  ii  333,  hinge-cell  ii 
334,  inversion  by  torsion  ii  398, 
peltate  ii  339,  profile-position 
li  338,  radial  ii  338,  reduction, 
factors  causing  ii  447,  sequence 
from  entire  to  divided  ii  337, 
sheath  ii  398,  stalk,  rare  ii  399, 
terminal  i  1 6 ;  megaspore,  ab- 
sorption of  ovular  cells  ii  637 ; 
megasporocyte,  tetrad-division 
ii  635;  microspore,  reduc- 
tion in  number  ii  636 ;  ovule, 
ategminy  ii  618,  bitegminy  ii 
617  ;  phyllodade  ii  449;  pro- 
phyll,  concrescence  ii  383,posi- 
tion  ii  383 ;  prop-root  ii  377  ; 
protocorm  ti  333 ;  root,  brandl- 
ing, suppressed  ii  374,  lateral 
origin  ii  374,system  ii  373;  root- 
less ii  365;  stipule,  axillary 
ii  37$ ;  tendril  ii  438 ;  thorn- 
root  li  a88 ;  transformation  of 
root  into  shoot  ii  337;  vena- 
tion ii  339,  striate  ii  338; 
wind-pollination  ii  547. 

Honoeoism  and  dioedsm  of 
Hepaticae  ii  8a 


Monogramnu^  prothallial  gemma 
ii  314. 

Honomeroiui,  gynaeceum  ii  558; 
ovary  of  Dryadeae  ii  559. 

MonophylUa^  cotyledon,  persis- 
tent 404. 

Honopodial  leaf-branching  of 
Dicotyledones  ii  330. 

Monotropa,  embryo,  reduced  ii 
354;  root,  free-living  ii  334, 
hairless  ii  369. 

MoHsieraf  juvenile  form  i  157. 

4/.  deliciosa,  dorsiventrality  i  90; 
leaf,  perforated  ii  335 ;  shoot, 
bilateral  with  distichous  phyl- 
lotaxy  i  90. 

Monatroaity,  Darwin's  defini- 
tion i  178. 

Moquin-Tandoa  on  d^ouble- 
ment  ii  533 ;  definition  of  ano- 
maly i  178. 

Mortua^  thorn-root  ii  388. 

Mozphologloaly  categories  of 
organs  i  13;  importance  of 
arrested  organs  i  oo. 

Morphology,  and  physiology, 
relation  1  4;  definition  i  3; 
first  based  on  the  study  of 
higher  plants  i  13;  Goethe^s 
definition  i  3 ;  idealistic  i  5 ; 
Sachs*  definition  i  4« 

Mosa-capaule,  ampithedum  ii 
155;  archesporium  ii  155; 
endothedum  ii  155. 

Ho88-plant,  configuration  ii  1 3 1 . 

Mo88-8tem,  apical  cell,  three- 
sided  ii  131,  two-sided  ii  131. 

Mooilage,  round  embryo  of 
Musd  ii  154;  of  Lycoiodium 
immdaiHm  ii  503;  gland  on 
ochrea  ii  374;  hair  of  He- 
paticae ii  37,  of  Musd  ii  138 ; 
and  opening  of  antheridium 
of  Bryophyta  ii  ii ;  papilla 
of  Heps^cae  ii  38,  60 ;  pit  of 
Azolla  ii  348;  secretion  of 
Hepaticae  ii  37,  76;  slit  of 
Hepaticae  ii  37 ;  stipule  secret- 
ing ii  381. 

^M^^,regeneration  of  germ-tube 

M,  MucedOf  germination  of  zygo- 
spore in  varying  nutrition  i 
366. 

M.  racemoius^  growth  of  myce- 
lium, limited  i  143 ;  nutrition 
and  form  i  367. 

M,  stolonifer^  rhizoid  devdoped 
through  contact-stimuli  i  309. 

Muhlenbeckia  platycladosy  cla- 
dode  ii  453. 

Mul^edmm  macropkyllum^  tran- 
sition from  foliage-leaf  to 
hypsophyll  ii  391. 

Musa,  fiiiit,  correlation  of  growth 
i  3X3;  leaf-form  ii  337,  split- 
ting by  wind  ii  336 ;  venation 
ii340- 


Mosaoeaa,  venation  and  leaf- 
growth  ii  343. 

Muscari  botryoidis,  flag-flower 
"671. 

M,  comosum,  flag-apparatus, 
correlation  of  growth  1  3IT. 

Huaoi,  acrandrous,  more  primi- 
tive ii  149 ;  acrocarpous,  more 
primitive  ii  149;  adaptation, 
vegetative  ii  141 ;  all  acrogy- 
nous  ii  149 ;  anisophyllv  i  100 ; 
annulus  of  capsule  li  160, 
function  ii  161;  antheridial 
groups  ii  151 ;  antheridium 
ii  9,  149,  varying  origin  i  18 ; 
apophysis  ii  158,  organ  of 
assimilation  ii  159;  arche- 
gonial  groups  ii  151 ;  arche- 
gonium  ii  14,  149;  arche- 
sporium ii  155, 601,  steriliza- 
tion ii  606 ;  branching  not 
axillary  ii  131 ;  calyptra  ii 
153;  caster  formed  by  peri- 
stome ii  164 ;  cldstocarpous 
ii  160;  colour  in  somal 
organs  ii  551 ;  columella, 
function  ii  157;  dioedsm  ii 
150;  embryo,  'foot,'  ii  157, 
haustorinm  ii  157,  structure 
and  devdopment  ii  154; 
gametophyte  and  that  of  Fili- 
dneae  ii  308 ;  germ-plant  and 
light  i  341;  hair  ii  138; 
hair-points  ii  149,  and  medium 
i  361 ;  hypsophyll  ii  135; 
laminar  growth,  basiplastic  ii 
313;  leaf,  adaptation  ii  135, 
apical  cell  two-sided  ii  131, 
function  ii  1 34,  on  radial  shoot 
ii  134,  simple  unbranched  ii 
134,  tip,  development  ii  306  ; 
mudlage  ii  37,  76,  around 
embryo  ii  154;  older  than 
Hepaticae  ii  8 ;  paraphylUum  ii 
140 ;  paraphyses  ii  151 ;  peri- 
chaetial  leaf  ii  153;  peristome 
ii  £61 ;  phyllotaxy  i  78,  ii 
131 ;  propagation  asexual  U 
139;  propagative  capacity, 
great  i  47;  protonema,  and 
ught  i  334,  and  correlation  i 
58,  long  shoot  and  short  shoot 
ii  119,  precedes  bud-formation 
i  48  ;  radial  and  dorsiventral 
ii  18 ;  regeneration  ii  53,  from 
severed  leaf  i  50 ;  relationship 
to  light  ii  149;  retention  of 
water  ii  143;  rhizoid  ii  45, 
s^mented  ii  116,  strand  ii 
i3o;  schizocarpous  ii  160; 
seta  ii  161 ;  sexual  organs  ii 
9,  14,  149  ;  silver-glance  i 
361,  ii  148;  shoot,  dorsi- 
ventral ii  138,  plaglotropous, 
and  light  i  333,  radial  ii  133 ; 
spermatozdd,  distribution  un- 
known ii  15a ;  nx>re,distribu- 
tioQ  ii  160,  germination  ii  116; 
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n>ore-sac  ii  156 ;  fporogoDiam 
ii  153,  and  itomaU  ii  159; 
stegocarpoQS  ii  160;  tmi- 
fonnity  of  vegetative  body  ii 
7  ;  water-absorption  ii  143. 

Mussaenda^  calycine  flag-appara- 
tus i  130 ;  flower,  unessential 
zygomorphy  i  130. 

Kjcorrhiia  ii  389. 

Myoporum  serratum^  ovule,  epi- 
thelium ii  639,  haustorium  ii 

639- 

Myosotis  alpestris^  inheritance  of 
malformation  1  186. 

M.palustris,  sixe  of  corolla  and 
light  U  551. 

AfyosuruSf  oytajf  development  ii 
560;  ovule,  reduction  m  ovary 
£560. 

Myrio^hyUHm^  bitegminy  ii  618 ; 
leaf- branching,  basipetal  ii 
330;  reaction  of  organs  to 
external  stimuli  i  3 18 ;  reversion 
and  its  cause  i  174;  storage- 
leaf  ii  398 ;  winter-bud  i  1 74, 
318,  ii  398. 

Myristiea     fragrans,      apical 

r»wth  of  cotvledonary  lobes 
407;  cotyledon,  lobed  ii 
407 ;  aidoq>erm,  ruminate  ii 
407. 

Mymucodia  echinata^  transfor- 
mation of  root  i  13. 

Myrtaoeae,  androedum  ii  535. 

Myzomyoetea,  organization  i 
3k;  polyergic  i  33;  reaction 
of  plasmomum  to  external 
stimuli  i  318;  sderotiumi  363. 

Myxopyrum  nervosum^  searcher- 
shoot  11454. 

N. 

NAgeli  on  leaf-development  ii 
303 ;  on  origin  of  roorophvte 
of  Pteridophyta  ii  005 ;  phy- 
tomeidi. 

NajaSf  flower-leaf,   terminal  ii 

541. 

Nanism  1  359. 

Nancmitrium,  antheridiam,  de- 
velopment ii  13 ;  archegonial 
venter  ii  1^3;  capsule,  de- 
velopment ii  155;  columella 
ii  157  ;  embryo  ii  14;  sporo- 
g<»ium,  opening  ii  160. 

N,  Unerum,  sporogonium  ii  155, 

157. 

Narcissus,  leaf-sheath  and  axil- 
lary structure  ii  399. 

N.  pocticuSy  bulb  ii  399. 

Nassevia,  thom-plant  of  Andes 
i  364. 

Nasturtium  iaatstre,  leaf-cut- 
ting i  46. 

N.  officinale f  sylvestre,  root, 
exogenetic  ii  373. 

Nack-oaaal-oella  of  arch^o- 
nium  ii  14, 184. 


Neckeraf  leaf-nndnlatioQ  retains 
water  ii  143. 

Neckeraoefta,  leaf-base,  out- 
growth retains  water  ii  143. 

Neotenr,  leaf  ii  430 ;  of  HiUt- 
borus  ii  560 ;  petaline  ii  550, 
551;  stamina!  U  549,  550; 
stipularii  381. 

NegatiTe  chorisis  ii  533,  540. 

Nelumbiuniy  foliage-leaf,  peltate 
ii  335 ;  leaf,  pr&nary,  peltate 
ii  336,  radial  i  1 14. 

Nimaius  Capreae^  forming  galls 

i  300. 

Ntottia^  root,  hairless  ii  369. 

NNidus-avis,  endogenetic  stem- 
root  ii  373 ;  tran^ormation  of 
root  into  shoot  ii  337. 

Nepinthes,  leaf,  tubular  ii  338, 
tendril  ii  438 ;  transition  from 
leaf  to  climbing  organ  i  161. 

NephroUpiSf  leaf,  periodic  apical 
growth  ii  318. 

N.  ixcUtata,  leaf^  development 
ii  317,  periodic  apical  growth 
ii  318. 

Nirium  OleofkUr^  flower,  double 

ii537. 

Neat-leaf  oiPolypodium  ii  350. 

Neat-root  of  epiphytes  ii  383. 

New  formation,  integument  of 
ovule  as,  ii  616 ;  in  flower, 
free  central  placenta  as  ii 
567 ;  in  malformation  i  196 ; 
sporophyll  in  Pteridophyta  as 
11477. 

New  formation  of  organs,  from 
wound-callus  i  44 ;  in  r^enera- 
tion  i  44. 

Nidularium  spUncUns^  transi- 
tion of  foliage-leaf  to  hypso- 
phylli  10,  ii  551. 

Nigella  iiamascenay  flower,  varia- 
tion in  numerical  symmetry  ii 

583. 
Node*  and  intemodes,  of  Chc^a 

135;  of  axis  135. 
Nolcma  atriplicifolia^  cotyledon 

as  assimilation-organ  ii  403. 
Noratttea   guianensiSy  juvenile 

form,  absent  i  159. 
Nostoc  symbiotic,  with  Antho- 

ceros  ii  78,  with  Blasia  ii  78. 
Notospartium^  shoot   as  water- 
reservoir  ii  453. 
Notothylasy  sporogonium  ii  (^5. 
N  orbiculciriSfSpoTogoainm  li  96. 
NooriBhing  root  of  climbing 

plants  ii  386,  388. 
Nuoellar    tissue,     adventitious 

embryo  formed  from  ii  637. 
Nuoellos   ii    573,   614,    633; 

development  in  large  ovules  ii 

631  ;      stimulation    afifecting 

development  in  ii  633. 
Numerical     relationships     of 

flowers,  factors  detemunlng  ii 

537- 


NiipAar,  juvenile  form  i  164 ; 
root,  lateral,  origin  ii  373. 

N.  luteum^  dorsiventrality  i  85, 
and  light  i  331 ;  juvenile  focm, 
i  165. 

Nutrition,  and  configuration  of 
Fungi,  i  366;  efiiect  on  an- 
droedum of  Rosaceae  ii  538  ; 
and  malformation  i  187,  ii 
190,  191 ;  and  prothallus  of 
Equisetum  ii  1 95 ;  of  spore  of 
Coniferae  ii  638 ;  of  spores  in 
sporogonium  of  Hepaticae  ii 
97;  of  sporogenous  cell*mass, 
oiLycopodium  ii  597,  of  polUn- 
sac  of  Angiospermae  ii  597. 

NatritlTe,  cell  in  sporogonium 
of  Hepaticae  ii  97 ;  function 
of  int^ment  of  ovule  ii  615 ; 
tissue,  chalazal  ii  640,  funicu- 
lar ii  640. 

NympJuua  rubra,  juvenile  form 
i  165. 

Nymphaeauae^  juvenile  fonn  i 
164 ;  petal  a  transformed  sta- 
men ii  551. 

O. 

Oak,  Cynips  rosa$  upon  i  198. 
Obligate  torsion  i  186. 
Oblique,  dorsiventral  flower  i 

138;   plane  of  symmetry  of 

flower  i  138 ;  wall  in  ifauoid 

of  Musd  ii  117. 
Ochrea  ii  373. 
Oedipodium^  protonema,  special 

organs  of  assimilation  ii  I3i. 
OedockuUumy  protonema,  shoot 

and  light  i  356. 
Oidogomum^  juvenile  form  ab- 
sent i  148. 
Oenemthejistulosa,  leaf,  cylindric 

by  reduction  ii  395. 
Oenofu  Uptcphyi/a,  root,  dosi- 

ventral  ii  381. 
Oenothera,  cotyledon,  transiently 

arrested  foliage-leaf   i   145 ; 

flower,  suppresnon  of  upper  i 

58. 

O.  biennis^  inflorescence,  com- 
pensation  of  growth  i  308. 

0.  bistortc^  macrantha,  stricta, 
cotyledon,  intercalaiy  growth 
ii  ^04. 

0,  gtauca,  pumila,  rosea,  cotyle- 
don ii  404. 

Oil-bodj  of  Marchantieae  ii  79. 

OUoineae,  ovule,  at^miny  ii 
619. 

OlaXf  ovule  atMfminv  U  619. 

Oleaoeae,  ovuutr  devdopment 
ii  633  ;  twig-thorn  ii  450. 

Onagimrieae,  cotyledon,  post- 
embryonal development  ii  404; 
petaline  primordium,  branch- 
ing ii  536;  sporogenons 
tissue,    sterile    cells  ii  597; 
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tterilizatioo    in  pollen-sac  ii 

555,597.    .^.^. 

OnocUa  senstouts,  apospory  in 
▼iresoent  tporophyll  ii  609. 

0,  Struthiofterisy  apospory  ii 
609 ;  axtindal  modification  of 
transmission  of  oigans  i  11 ; 
correlation  and  configuration 
of  sporophyll  i  ai6;  develop- 
ment of  sporophyll  into  foliage- 
leaf  ii  475 ;  kataphyll  ii  350 ; 
leaf,  succession  ii  511;  pro- 
thallnsy  apandrons  ii  aao; 
sporangium,  arrest  ii  510; 
roorophyll  ii  486,  and  wind- 
<ustribudon  of  n>ores  ii  4^4 ; 
transition  from  foliage-leaf  to 
katapliyll  ii  350. 

Ononis y  juvenile  form  i  155. 

0.  NairiXf  juvenile  form  i  155. 

0,  spinosa,  shoot-thom  ii  45a. 

Opening,  of  antheridium  of 
Bryophyta  ii  10;  of  embedded 
antheridium  of  Pteridophyta 
ii  1 74 ;  of  free  antheridium  of 
Pteridophyta  ii  177 ;  of  arche- 
gonium  of  Bryophyta  ii  15, 
of  Pteridophyta  ii  183 ;  cap 
of  antheridium  of  Br3rophyta 
ii  ID ;  cells  of  sporangium  ii 
f  77»  <5oo,  610,  611 ;  and  clos- 
ing of  flower  in  relation  to 
light  i  345 ;  of  pollen-sac  of 
.A^giospermae  ii  600,  611, 
of  Gymnospermae  ii  610  ;  of 
sporangium  ii  509,  575,  577- 
95,  600,  610,  of  £u- 
sporan^ate  Filidneae  ii  584, 
of  Equisetineae  ii  ^85,  of  Lef)- 
tosporangiate  Filidneae  ii 
587,  in  relation  to  light  ii  575, 
of  Lycopodineae  ii  ^78;  of 
sporogonium  ii  95,  160. 

Ophiogloasaoeae,  antheridium, 
embedded  ii  174,  opening  ii 
176 ;  exstipulate  ii  365 ;  leaf, 
branching  in  one  plane  ii  48a  ; 
prothallus,  hypogeous  ii  198, 
saprophytic  ii  198;  sporan- 
^um,  bilateral  ii  5 74, position, 
li  493,  protected  by  ptyzis  of 
sporophyll  ii  496 ;  sporophyll, 
dorsiventral  ii  48a,  as  new 
formation  ii  477,  481,  posi- 
tion ii  606 ;  symbiosis  of  pro- 
thallus with  Fungi  ii  198,  a  18. 

Ophioglossum,  proUiallus,  sym- 
biotic ii  198 ;  ptyzis,  drcinate 
absent  ii  331 ;  regeneration  i 
46 ;  root,  branching  suppressed 
ii  374;  root-borne  bud  i  46, 
ii  ^31 ;  sporangium  ii  584, 6a6, 
dehiscence  ii  585,  embedded 
"  574»  5841  position  ii  494; 
sporogenous  tissue,  sterile 
cells  ii  597;  sporophyll  ii 
483 ;  stem-apex,  suppression  of 
lateral  shoot  ii  431. 


0.  palmatum^  sporophyll,  mar- 
ginal and  surmoe  xormation  ii 
481. 

0.  pedunculosum,  prothallus  ii 
198,  radial  ii  191,  saprophytic 
ii  193 ;  sporangium  emkhedded 
ii  574 1  sterilized  sporogenous 
cells,  abs<mt  ii  597. 

0,  viiiguhwifTooi'bome  shoot  ii 
338. 

Ophrydeae^  root,  branching  sup- 
pressed ii  a74;  root-tuber  ii 
389. 

Opuntia^  flattening  of  shoot-axis 
ii  448,  and  light  i  347  ;  gravity 
and  shoot  i  3a i ;  transition 
from  thorn  to  nectary  ii  430. 

0.  arbarescens,  leaf-thorn  ii  ^39 ; 
papillose  surface  and  lignt  i 
348. 

0,  drasi/iensis,  gravity  and  chief 
and  lateral  shoots  i  336. 

0,  Ficus-indica^  gravity  and 
shoot  i  331 ;  polyembryony  ii 

637. 

0.  leucotricha,  flattening  of  shoot 
and  light  i  347. 

Orohideae,  assimilation-root  ii 
384 ;  difference  between  flower 
and  vegetative  shoot  ii  538  ; 
embryo  incomplete  at  germi- 
nation ii  353 ;  epiphytic  ger- 
mination ii  333 ;  flag-flower  ii 
571 ;  flattening  of  amal  root  i 
93  ;  flower-structure  and  polli- 
nation ii  547 ;  nest-root  ii  383 ; 
pollen-sac,  confluence  ii  554  ; 
root,  aeration- striae  ii  385, 
chlorophyllous  aerial  i  346, 
dorsiven^  aerial  i  346,  dorsi- 
ventral and  light  i  346 ;  proto- 
corm  ii  333 ;  seed,  small  ii  631 ; 
stimulus  of  pollen-tube  induc- 
ing formation  of  ovule  i  369, 
ii  633 ;  reaction  of  aerial  root 
to  external  stimuli  i  317 ;  sus- 
pensor-haustorium  ii  643 ; 
velamen  ii  383. 

OrchiSt  axillary  branching  ii  433. 

0,  mascula,  axillary  branching  ii 

433. 
Organs,  of  amphibious  plants  i 
360 ;  of  aauatic  plants  i  360  ; 
bisymmetnc  i  06;  changed 
form  through  redprocal  pres- 
sure i  77 ;  at  different  stages 
of  development  i  141  ;  differen- 
tiation in  Spermophyta  i  13 ; 
dorsiventral  i  67 ;  formation 
and  adaptation  i  ai,  ii  i ; 
formed  in  absence  of  light  i 
357;  of  limited  growth  nave 
mid-portion  best  nourished  ii 
511 ;  malformed  and  thdr 
significance  i  177;  new  forma- 
tion of  i  44 ;  normal  formation 
at  vegetative  point  i  41 ;  of 
plants,  nature  of  i  5 ;  position. 


on  radial  axes  i  73,  in  em- 
bryo ii  343 ;  progresdve  serial 
succession  i  33 ;  of  propaga- 
tion of  Spermophyta  ii  573; 
protean  ii  340;  radial  i  00; 
symmetry  i  65. 

Organography  and  formal  mor- 
phology i  4. 

Origin  of  dorsiventral  flower  ii 
543 ;  of  embryo-sac  ii  633 ;  of 
kauphyll  ii  384;  of  lateral 
root  ii  373 ;  of  megaspore  ii 
633  ;  of  peltate  hair  ii  336 ;  of 
root  on  shoot  ii  374 ;  of  scale 
of  Hepaticae  ii  34. 

Omithogalum^  differentiation  of 
archesporinm  in  poUen-sac  ii 
600. 

Orobsnohaceae,  haustorium  ii 
334;  organ-formation  in  ab« 
sence  of  Tight  i  357. 

Orobancke^  embryo,  reduced  ii 
354;  germination  i  305  ;  hau- 
storium ii  334. 

0.  ramosa^  root,  hairless  ii  369. 

Orv^Mf,  stipule,  asymmetry  i  135. 

Orthotrichum,  calyptra,  hairs  ii 
154;  sporogcmium,  radial  i 
336 ;  spore,  shedding  ii  163. 

0,  cailistomumf  spore,  shediUng 
ii  164. 

O,  gymnostomum,  peristome  ab- 
sent, a  reduction  ii  163. 

Orthotrop7  and  bilateral  organs 
i  68 ;  of  Calobnraceae  ii  18, 
39 ;  definition  i  67 ;  of  flower 
of  Lycopodineae  h  509;  of 
ovule  ii  017 ;  and  plagiotropy, 
transitions  i  68,  ii  457,  459; 
of  radial  shoot  ii443 ;  of  senal 
shoots  of  Hepaticae  U  41 ;  of 
chief  shoots  i  93, 314 ;  of  shoot 
and  conditions  of  life  ii  450. 

OrvMa,  ligule  dosing  termmal 
bud  ii  377  ;  scutdlum  ii  41  r. 

0,  satiffaj  embryo  ii  41 7 ;  ligular 
sickle  ii  37R  ;  ligule  ii  376. 

Osmunda,  anthericuum,  develop- 
ment ii  179;  archegonium, 
malformed  if  188;  kataphyll 
ii  350 ;  leaf-stalk  ii  314 ;  pro- 
thallus ii  199,  branching  ii 
300,    hairs    absent    ii    109, 

rrennating  ii  189,  reversion 
305 ;  sporangium,  position  ii 
493  ;  vqgetative  propagation 
of  old  prothallus  i  49. 

0.  cinnamomea,  kataphyll  ii  350. 

0.  regaliSf  kataphyll  ii  350; 
r^eneration  i  49 ;  sporangltnn 
and  annulus  ii  588,  590,  593  ; 
sporophyll  ii  486. 

Osmondaoeae,  annulus  ii  590 ; 
antheridium  free,  opening  ii 
177;  leaf,  development  ii 
315,  structure  and  environment 
&  347 ;  placenta,  absent  ii  473  ; 
sporangium,  dispontion  ii  496, 
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doniventrml  ii  574,  opening 
fi88;  sporophyll  and  foliage- 
leaf  alike  in  poiitioo  and 
origin  ii  477 ;  transition  from 
eusporangiom  to  leptoaporan- 
ginm  ii  60a. 

Ottoa^  leaf  cylindric  ii  39^ 

Cuvirtmdray  leaf,  biological  re- 
lationshipt  ii  345. 

Ovazy,  bilocolar  ii  56a,  563; 
bioTolar  ii  560;  development 
a  §59  ;  fonnation  ii  555  ;  in- 
fenor  U  567  ;  monocarpellary 
ii  559;  monomerons  ii  55<); 
plar&ocnUr  ii  565 ;  plnno- 
ynlar  ii  560 ;  superior  li  559 ; 
onilocolar  ii  565 ;  unioYolar  ii 
660. 

OtoIat  development  after  polli- 
nation in  Angiospermae  i 
a69,  ii  633. 

Omle,  aaogamoQi  entrance  of 

r Hen-tube  ii  615;  anatropv 
631;  of  Angiospermae  ii 
537, 614,  archesporium  ii  601, 
033,  development  ii  631 ; 
apotropy  ii  031 ;  ategminy  ii 
618 ;  atropy  ii  631 ;  axillary 
ii  561 ;  basigamons  entrance 
of  pollen-tube  ii  615 ;  basi- 
petal  succession  ii  543 ;  bi- 
tegminy  ii  617,  638 ;  concres- 
cent  with  ovary  ii  630;  of 
Coniferae  ii  5i9i  development 
ii  638  ;  of  C^rcadaceae  li  511, 
616,  development  ii  636,  foliar 
origin  ii  555,  primitive  charac- 
ter ii  636;  development  ii 
^3^;  epithdium  ii  631,  637; 
epitropy  ii  631;  funide  ii 
014;  of  Gink^roaoeae  ii  519; 
of  Gnetaceae  ii  638 ;  of  Gym- 
nospermae  ii  511,  636;  hau- 
stonum  ii  631  ;  integument  ii 

614,  616,  nutritive  function  ii 

615,  three  in  Gnetum  ii  639 ; 
marginal  ii  558 ;  nucellus  ii 
633 ;  nutritive  tissue  ii  640 ; 
jorthotropy  ii  617 ;  of  parasites 
ii  618 ;  phyllody  i  181 ; 
rudimentary  construction  ii 
630;  of  saprophytes  ii  618; 
sterilization  ii  633;  structure 
in  relation  to  perfect  seed  ii 
631 ;  a  sporangium  ii  573; 
tapetum  ii  638 ;  on  under  side 
of  carpel  ii  558. 

Oxalideiae,  gynaeceum  and  pla- 

centation  u  563. 
OxaUs,    gynaeceum,      superior 

syncarpous  ii  563;  placenta- 

tion  ii  564,  septal  ii  563 ;  root, 

dimorpSbism  ii  37a. 
O,  ekgans^  root,  shortening  ii 

370. 
0.  ruscifoliay  phyllodium  ii  354. 
O.  sirictay  gynaeceum  and  pla- 

centation  li  563. 


0.  Utrapkylioy  root,  fleshy  ii  389. 

OxymUrOy  sir-cavities  ii  73; 
sporogonium,  internal  differen- 
tiation ii  97. 

0,  pyramidaiay  oil-bodies  absent 
ii  79;  scales  at  vegetative 
point  U  30. 


Paeoma  ardcresanSt  archespo- 
rium, pluricellular  ii  633. 

Paiiuru$  austraiis,  thom-stipule 
U381. 

Falmft«,  branching,  latent  capa- 
city ii  431 ;.  breathing-root  in 
moist  soil  ii  378;  climbing 
hook  ii  431 ;  leaf,  lamina  split- 
ting by  degeneration  ii  338, 
seraientaHon  by  splitting  ii 
336,  stalk  ii  3p9 ;  lignle  ii  378, 
a  new  formation  ii  379 ;  prop- 
root  ii  377 ;  thorn-root  ii  388. 

Pallavicimiay  diromosomes  ii  8. 

Pandaneaa,  prop-root  ii  377. 

PandatmSf  phvllotaxy  ii  443. 

PcmdorinOy  colony  i  37. 

Panicum  italicumt  malforma- 
tion i  178. 

Papaver,  capsule  porose  i  16 ; 
liower-bnd  does  not  unfold  in 
darkness  i  343. 

FapaTenicMte,  flower,  arrange- 
ment of  parts  ii  531,  structure 
and  pollination  ii  X47. 

Papilionaoeae,  cotylar  storage  ii 
357 ;  flower, munetric  succes- 
sion in  development  ii  543; 
laminar  growth,  eudadous  ii 
313 ;  gynaeceum,  development 
ii  559.  i  i^^  branching  acro- 
petal  ii  330. 

Papilla,  on  leaf-sur£sce  of  Musd 

ii  143- 
Paraoarpoiui  gynaeceum  ii  558, 

566. 
Paraphyllium,  of  Hepaticae  ii 

57 ;  of  Musd  ii  146,  nature  ii 

147. 

ParaphysM,  of  Musci  ii  151 ; 
upon  prothallus  of  Pterido- 
phyta  li  188, 193,  330. 

Paraohnte-apparfttaa  of  fruit  ii 
570. 

Paraaitio  Fungi,  anchoring- 
organ  developed  through  con- 
tact-stimuli 1  369;  modifica- 
tion of  host  by  i  193. 

P«ra8itism,embryo,  reduced  in  ii 
3  54 ;  flower,  reduction  in  ii  63  3 ; 
haustorium  in  ii  334,  unlimited 
growth  ii  335;  ovule  in,  ateg- 
miny ii  618,  rudimentary  ii 
630;  root  in,  free-living  ii  334, 
hairless  ii  369;  vegetative 
body  in,  intramatrical  ii  335, 
reduction  ii  335,thalloidii  335. 

Parietal,  layer  of  sporangium  ii 
596;  plaoentation  ii  564. 


Parist  inflorescence-axis  trans- 
formed into  assimilation-axis 

ii447- 

P,  oHodrifoliay  embryo,  retarded 
ii  351 ;  rhizome,  persistent 
geophilous  ii  463. 

Parkiria  pUridtoidtSy  physiolo- 
gical race  ii  595. 

Parkmsonia  aculsata^  phyllo- 
dium ii  355. 

Parthenoffeneais  of  Angio- 
spermae ii  615,  634,  634. 

Passerinoy  juvenile  form,  reten- 
tion of  i  167. 

P»  hirsuta,  juvenile  form  i  167. 

PassiJUra^  ovary,  sjmcarpous  in- 
ferior ii  563 ;  tendril  ii  457. 

Pavia  macrostackya^  leaflet, 
asymmetrv  i  133. 

Payer  on  placentation  ii  556. 

Pearl-gland  ii  381. 

Pedtctstruniy  energid-colony  i 
37. 

P»  Boryanum^  experimental  mal- 
formation i  180. 

P,  gramUcUum^  colony  i  a6. 

PiUiat  branching  ii  3i  ;  colour 
of  antheridial  pits  ii  10;  di- 
oedsm  ii  80 ;  daters  holding 
mass  of  spores  ii  103  ;  germina- 
tion intrasporogonial  ii  106; 
monoedsm  ii  80;  nutritive 
meristem  for  embryo  ii  105; 
perichaetium  ii  83 ;  sexual 
organs,  diffuse  disposition  ii 
80 ;  spore-germination  ii  108 ; 
spores,  gradual  exit  ii  loi ; 
sporogonium  with  elatero- 
phore  ii  100. 

P.  calycina,  apical  cell  ii  ai ; 
daterophore  ii  100 ;  periduie- 
tium  ii  83  ;  propagative  shoot 
ti48. 

P,  epiphylla,  apical  cell  ii  ai ; 
involucdlar  collar  ii  93. 

Pellumiay  anisophylly  i  108; 
leaf,  asymmetry  i  118. 

P,  Davetuuuuiy  anisophylly, 
habitual  i  109 ;  leaf,  asymmetry 
i  116. 

Peloria,  etiology  i  188;  Hoff- 
mann's experiments  i  189;  of 
Angiospermae  i  189;  Pey- 
ritsch's  experiments  i  188; 
transmissible  by  seed  i  184, 
19a 

Peltate,  cotyledon  ii  334 ;  hair, 
growth  processes  in  ii  336; 
kataph^U  ii  334,  climbing 
organ  li  334;  leaf  ii  334,  and 
alternate  phyllotaxy  ii  335, 
basipetal  m  development  ii 
336,  biological  relationships 
ii  335 f  conditions  of  devdop- 
ment  ii  335,  of  Dieotyledones 
ii  333>  o^  Monocotyledones  ii 
339,  origin  ii  337,  protective 
function  ii  334  ;  aporophyll  of 
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Pteridophyta  ii  499,  575; 
stamen  ii  33^ 

Piheiia  cwMltcukUa^  spore-ger- 
mination and  light  i  330. 

Peptromiat  embryo-sac,  plori- 
nndeate  ii  637. 

Pefmisetum,   spikelet,  arrest   i 

Fenlamery,  and  hezamery  in 
same  plant  of  Carophylleae  ii 
538;  and  tetramery  in  same 
plant  of  Ruia  graveolens  ii 

538. 
PT6Tinating,  geophilons  shoot 

ii  463 ;  proth^ns  of  Osmnnda 

iiiSp. 
PeresJha,  hook-leaf  ii  420. 
Ferforatod,  leaf  in  Aroideae  ii 

335 ;  water-cells  of  Mnsd  ii 

145. 

Perianth,  of  Ephedra  derived 
from  dermatogen  i  17 ;  of 
Hepaticae  ii  89. 

Feriohaetial,  leaf  of  Mnsd  ii 
153  ;  scale  to  archegoninm  of 
Symphyogyna  ii  83. 

Feriohaetiam  of  Hepaticae  ii 
83. 

FeriCTnotia  gynaecenm  ii  558. 

Ferinium  of  spore,of  Hepaticae 
ii  106 ;  vesicnlar  swellings  in 
Gritnaidia  ii  107. 

Feriodlo,  apical  growth  of  leaf 
in  Filices  li  318 ;  development 
of  root  ii  389,  390 ;  geopniloos 
shoot  ii  463;  shortening  of 
rootii  371. 

Ferifltcsne,  absent  in  narrow- 
monthed  capsnle  of  Mnsd  ii 
163;  derived  from  amphi- 
thednm  ii  163 ;  of  Mnsci  ii 
161,  167. 

Fermanent  retardation  of  foli- 
age of  liane  ii  454. 

Perancspara  vioUicea^  doubling  of 
flower  in  Knautia  aroensis 
caused  by  i  193. 

Feniatent,  cotyledon  ii  403; 
stipnle  ii  364. 

Feraonate  flower  1  131. 

Petaiophyllum,  leaf  ii  38. 

Fatal,  absence  in  Urticaceae  un- 
explained ii  551 ;  flag-appara- 
tns  in  Ranuncuius  ii  551  ; 
conflnence  ii  538;  nectary  ii 
550,  551;  transformed  stamen 

Fetiolar  gland  ii  363. 

PetuHia^  branching  of  staminal 
primordium  ii  536. 

Feyritaoh,  artificial  doubling  of 
flower  i  194;  experiments  in 
pdoria  i  188. 

Peuuif  directive  influence  of 
light  i  358. 

P,  scUrotiontm^  iuberosa^  an- 
choring -  organ  developed 
through  contact-stimuli  i  369. 


PhaedroHossa  ehbracea,  root, 
shortening  ii  370. 

Fhaeophyoeae,  higher  difieren- 
tiation  i  31 ;  long  shoot  and 
short  shoot  i  35. 

Phalatnopsis,  assimilation-root 
ii  384. 

P,  amabiUs,  root,  flattening  and 
light  i  346. 

P.  Esmeralda^  assimilation-root 
ii  384;  water-storage  root  ii  384. 

P.  Lueddtnumniana^  root,  dor- 
siventral  aerial  ii  384. 

P,  SckilUria$uiy  exodermis  ii 
384 ;  velamen  ii  384. 

Phalange,  staminal  ii  533,  534. 

Phalaris  canarunstSf  embryo  ii 
418. 

Pharus  broHlunsis,  leaf,  inver- 
sion by  torsion  ii  396. 

Phaaoaoeae,  antheridium,  de- 
velopment ii  14 ;  archegonial 
venter  ii  153;  calyptra  it 
153;  cldstocarpous  ii  160; 
protonema  ii  130 ;  sporogo- 
nium,  radial  i  330. 

Phascum  cuspidatwn^  antheridial 
group  ii  150 ;  shoot  with  sexual 
organs  ii  9. 

P,  ephemeriides,  spore,  shedding 
ii  163. 

P,  sudu/atum,  spore,  shtftdding  li 
160. 

PhcueoluSy  cotyledon,  broad  ii 
406  ;  leaflet,  asynunetry  i  1 33 ; 
root-formation  and  light  i  331 ; 
stipel  ii  380. 

P,  cotnmunis,  root-hair  sup- 
pressed in  water  ii  369. 

P,  muUi/hruSf  £asciation  i  190 ; 
leaf-size  and  correlation,  of 
growth  i  311 ;  stipule,  correla- 
tion of  growth  i  3ia 

P.  vulgaris,  etiolated  seedling 
flowering  i  343. 

Pkiladelphus,  leaf-insertion  i  93 ; 
shoot,  dorsiventral  lateral  i  93. 

Pkiiodindron,  leaf,  piimatifid  by 
branching  ii  335. 

P.  tnilanochrysum,  root,  dimor- 
phism ii  387. 

PhUoxerui  vermioilatus,  leaf- 
succulence  and  enviroimient  i 
365. 

Phlegmasia- type  of  prothallus 
iii93. 

Phoenix,  leaf,  devdopment  ii 
337  ;  pirton-cotyledon  ii  403 ; 
venation  ii  340. 

P,  canariensis,  primary  leaf  ii 

337. 
Phoenocoma  proUfera,  leaf  with 

inverted  structure  ii  3o6. 
Phormium  tenax,    leaf-lamina, 

differentiation  ii  300. 
Photo-plagiotropy  i  100. 
Photophilona  shoot  in  the  soil 

11466. 

Yy 


Phragmicama,9x^esoisd!am  soli- 
tary ii  88  ;  auride  ii  58 ;  elater 
attached  to  surfrice  of  capsule 
ii  100 ;  sporogonium  wiuout 
daterophore  ii  100. 

Phragmitis  communis ,  leaf-apex, 
precedence  in  growth  ii  ^09. 

Pkucagrostis,  macropodous  em- 
bryo ii  361. 

Fhyletio,  hypothesis  regarding 
sporangium  ii  605;  position 
of  Casuarina  ii  635  ;  relaticNi- 
ship  of  Bryophyta  and  Pteri- 
dophyta ii  187 ;  series  in  pro- 
thallus of  Pteridophyta  ii  310; 
significance  of protocorm  ii  333. 

PhyllanthuSi  correlation  i  307, 
and  direction  of  shoot  i  314 ; 
phyllodade  i  30, 11451;  shoot, 
dorsiventral  lateral  i  97. 

P.  lathy roides  i  97 ;  cutting  151; 
dorsiventrality  i  84. 

P,  mimosoidts  i  97. 

Phyllocacius,  shoot,  flattening 
and  light  i  348. 

P.  Uuijfvns  i  3^. 

P.  phyllanthoides  i  348;  juvenile 
K>rm  i  169. 

Phyllooaotna-form  i  169. 

Fhylloolade  i  30,  ii  4^8;  of 
Asparagineae,  structure  li  545 ; 
of  Dicotyledones  i  168,  ii 
451 ;  of  Gymnospermae  ii  448; 
of  Monocotyledones  ii  449 ;  of 
Pteridophyta  ii  448  ;  and  light 
in  Ruscus  aculiatus  i  349 ;  of 
Sciadopitys  ii  445. 

i^ii^Z/EMr/od/kr,  juvenile  form  i  155 ; 
ovule  ii  519;  phyllodade  ii 
448 ;  pollen-sac  ii  515;  stamen 
U515. 

P,  alpinusy  young  fruit  ii  519. 

Phyllode-formation  oi  Acacia, 
independent  of  environment  ii 

357- 

Fhyllodinm  ii  353 ;  of  Acacia 
orf/fb7/ato,apparentl]rwhorled 
ii  373 ;  of  Acacia,  profile- 
position  ii  393 ;  erroneous  use 
of  term  ii  353 ;  transition  from 
•leaf  ii  35^ 

Fhyllody,  Induced  by  insects  i 
181 ;  of  bract  ii  197 ;  of  carpd 
in  TrifoUum  repens  i  181 ;  of 
flower  i  181,  ii  535 ;  of  ovule 
i  181,  not  a  reversion  i  183, 
significance  i  183;  of  pappus 
i  197 ;  of  nporophyll  ii  475  ;  of 
stamen  i  180;  of  tendril  i  191. 

FhyUogenooa  branching,  of 
Equisetaceae  ii  433 ;  of  Sper- 
mophyta  ii  433. 

Phyllo^lossum,  juvenile  form,  re- 
tention ii  336;  protocorm  ii 
331, 333 ;  sporangium,  mature 

U578. 
P,  Drummondi,  root,  exogenetic 
secondary  ii  373. 
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Pkyllogonium^  apictl  cell  of 
stem,  two-sided  ii  131. 

P,  fulgtnSf  sptciosum^  leaf  and 
water  ii  143. 

Phylloma,  definition  impotuble 
i  16. 

Phyllopoditun  ii  30^ 

PhyliotAxy  i  74 ;  of aoTentitious 
twiff  i  83 ;  and  asymmetnr  of 
seedling:  i  83;  and  axillary 
branching  i  81 ;  of  bilateral 
shoot  i  90 ;  cyclic  position  i 
80;  in  dichotomons  branching 
i  81 ;  and  dorsiventrality  of 
shoot  i  93, 94, 96, 160,  i6z;  he- 
terodromy  i  78 ;  homodromy 
i  78;  juvenile  form  distin- 
guished bv  different  i  161 ; 
mechanical  hypothesis  of  i  74 ; 
of  Mnsd  i  78,  Ii  131;  and 
pelUte  leaf  ii  335 ;  of  shoot, 
with  contracted  intemode  ii 
44a,  with  elongated  intemode 
ii  443 ;  and  symmetry  1  70 ; 
transition-fieore  in  i  79 ;  varia- 
tion in  deddaoQS  trees  i  96. 

Phyuomitrella  pattns^  spore, 
shedding  ii  160. 

PkyscomUrium  pyriforme^  rhi- 
zoid  ii  116. 

P,  repens,  silver-glance  ii  149. 

FhjaioiogT',  and  morpholo^, 
relation  i  4 ;  Sachs'  definition 

Physiotium^  apical  cell  of  shoot 
two-sided  it  ^i ;  coloor  and 
light  ii  78 ;  shoot  ii  41 ;  and 
water  ii  53 ;  water-sac  ii  6a, 
as  insect-trap  ii  64. 

P,  cocklearifomUy  rhizoid,  absent 
ii  45 ;  valved  water-sac  ii  63. 

P,  conckaefoUumt   water-sac   ii 

63,65- 

P.  gigoHteum^  microcarpum, 
water  sac  ii  6a. 

PhvUuma^  root,  periodic  shorten- 
ing ii  a7i. 

Pkytokuca  icosandra,^oMxag  of 
stamen  ii  536. 

Fhytome  of  N'ageli  i  ai. 

Phytoptus  causing  malformation 

»  «95- 

Picta^  hyponasty  and  spinasty 
i  85;  leaf,  insertion  i  94; 
shoot,  dorsiventral  lateral  i  04; 
sabstitntion  of  lateral  for  lost 
terminal  shoot  i  50. 

P^  exalsa^  hairless  root  ii  369 ; 
leaf-apex,  preoedencein  growth 
ii  309;  male  prothidlns  ii 
614. 

Pileole  of  Gramineae  ii  415. 

Pilobolus  microsporus,  sporan- 
gium and  light  i  358. 

PiUgytusuaviSy  tendiril,  develop- 
ment ii  435. 

PiloityUs^  on  Astragalus  ii  aa5  ; 
on  Berlinia  panuulata  ii  335 ; 


flower-bud  endogenetic  ii  aa6; 
flower-cnshioQ  if  aa6;  sinker 
ii  aas  ;  vegetative  body  ii  6ai. 

Pilostyiesa  dhiopicaj  haustorium 
iiaas. 

P,  Hausskmchtiit  parasite  ii 
aa5. 

P,  Viet,  haustorium  ii  a  35; 
pollen-sac  opening  cells  sup- 
pressed ii  611. 

PUulariOy  dorsivcntralihr  i  01  ; 
leaf,  cylindric  ii  395,  develop- 
ment ii  316,  wingless  ii  314 ; 
riiicoid  as  temporary  fi]dng- 
organ  of  female  proihallus  ii 
189 ;  spore-distribution  ii  ai a ; 
sporooup,  outgrowth  of  sterile 
leaf  ii  479;  stem,  creeping  191. 

P,  Noooi-HoUandiae,  sporocarp 
hypogeous  ii  493. 

Pln»H>pl»,correlation  of  growth 
in  fruit  i  aia:  redproau  pres- 
sure of  carpels  i  77. 

Pinguicula,  cotyledon  resembles 
loif  ii  40a ;  transition  between 
leaf  and  shoot  ii  336 ;  water- 
absorption  by  leaf  ii  349. 

P»  caudata,  storage-leaf  ii  398. 

P,  vulgaris^  flower,  development 
of  dorsiventral  ii  543. 

PiiuuMi  sequenoe  of  origin  in 
Guana  ii  310. 

Pinnate  leaf,  relation  to  digitate 
leaf  ii  333. 

Pinnfttifld  leaf  formed  by 
branching,  not  in  Palmae  ii 
336;  in  PhilodendroH  ii  335. 

Pinnule,  acropetal  succession  in 
Cycas  Seemanm  ii  333  ;  bad- 
petal  development  in  Cycada- 
oeae  ii  33  3 ;  of  Codaeascandens, 
stipular  ii  360 ;  of  Gleichenia- 
oeae  ii  593;  of  GuiUuuUHay 
stipular  ii  361 ;  reduction  in 
Acacia  Uphantha  i  155,  ii 
381. 

Pintis,  androgynous  cone  ii  53^ ; 
correlation,  of  growth  of  twig 
i  309,  and  direction  of  shoot 
i  314;  flower,  position  ii  473 ; 
juvenile  form  1  153;  ortho- 
tropy  and  plagiotropy  i  69; 
pollen-sacy  lateral  ii « 1 6,  open- 
ing, longitudinal  ii  610;  short 
shoot  and  long  shoot  i  35,  ii 

444- 
P,  mariHma,  flower,  androgy- 

nousii47i;  seminifierous  scale, 

malfonnied  ii  534. 
P.  numophylla^  Pinea,  juvenile 

form  i  153. 
P.  Pumilio,  double  needle  ii  445 ; 

prothallus,  male  ii  614;  pol- 
lination ii  533. 
P,  Sirobus,  short  shoot  and  long 

shoot  ii  444. 
P,  sylvstris,  double  needle  ii 

445;  juvenile   form   i   153; 


leaf-apex,  precedenoein  growth 
ii  309;  prothallus,  inale  ii 
614;  root,  hairless  ii  369; 
short  shoot  and  long  shoot  ii 

^^ 
Pistioy  phyllotaxy  u  443 ;  root 

lateral,  not  geotropdc  ii  376, 

place  of  origin  ii  374. 

P.  Stratiotes,  root-apex  ii  367 ; 
root,  hairless  ii  369. 

Piston-ootyledon  ii  403. 

Pisum,  correlation  and  foimatioD 
of  tendril  i  316;  stipule, 
asymmetry  1  135 ;  tendril,  de- 
velopment ii  433. 

P,  sa/nmm,  foliation  of  tendril, 
artificial  ii  435;  leaf,  experi- 
mental malfonnation  i  191 ; 
root-hair  suppressed  in  water 
ii  369. 

Plaoenta,  absent  in  some  Pteri- 
dophyta  ii  473 ;  of  Angio- 
spermae,  foliar  origin  ii  556, 
interpretation  ii  5^6 ;  axial  ii 
556 ;  carpellanr  ii  556 ;  defi- 
nition ii  473;  Payer*s  views  ii 
556. 

PUoentetion  central  ii  564; 
firee-central  ii  56^,  566;  of 
inferior  ovary  ii  507 ;  paiietal 
ii  564 ;  septal  ii  563. 

Plaoentoid  of  Hyescyamus  ii 

699- 

Placophora,  pronembryo  i  150. 

Plagtochasma^  air-cavities  ii  73, 
75;  involution  of  parts  to 
roist  drought  ii  65;  sexual 
organs,  grouping  ii  85. 

P,  Aitonia,  antheridial  groups  ii 
31 ,  84 ;  germ-plant  ii  11 3,  and 
light  i  340. 

Plagiochiia,  ardiegonia  in  gronpa 
with  perichaetium  ii  89 ;  dater 
freeii99;  flagellumii43;  leaf 
ii  41 , concrescence  ii  43 ;  sgoto- 
^nium  without  elatero^ore 
1199. 

P.  asplenioides,  directive  influ- 
ence of  light  i  334. 

P.  circinalist  involution  of  parts 
to  resist  drought  ii  ^, 

P,  conruxa^  caujugata,  concre- 
scence of  leaf  d  43. 

P.  cucuUifolia,  water-sac  ii  6a 

Plagiogyria,  sporangium  and 
aimulus  ii  590. 

Plagiotropy,  and  anisophylly  i 
99,  113 ;  definition  i  67  ;  often 
antecedent  to  dorsiventrality  i 
68 ;  dominant  in  Hepaticae  ii 
18  ;  of  juvenile  form  1 159 ;  of 
leaf  168;  of  lateral  shoot  i  69, 
94,  95,  314;  of  shoot  U  457, 
and  conditions  of  life  ii  459, 
concatenation  in  trees  i  ^y 
and  correlation  i  ai^^  with 
elongated  intemodes  li  459, 
£sctors  causing  ii  461,  of  tie- 
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paticae  i  loi,  of  Mnsd  i  100, 
and  orthotropy  i  68,  94,  160, 
314,  ii  457,  of  Pteridophyta  i 
I03,  of  Spermophvta  i  iii,  of 
trees  ii  457,  transitioD  to  ortho- 
tiopy  1  69,  u  457,  459 ;  and 
ifaixophores  ii  328 ;  of  snbter- 
ranean  oigan  i  68 ;  of  vegeta- 
tive shoot  in  herb  ii  457. 
Plan  of  stnictiire  of  De  Candolle 

PUmtago,  axillary  branching  ii 

435 ;  leaf-stalk  ii  300. 
P,  maj0r,  a  balophyte  i  366. 
P»  metUa^  venation  ii  344,  striate 

ii  339« 
Plant-body,  differentiation  i  3. 
Plaamodial  tapetnm  ii  596. 
Plasmodium  of  Myxomyoetes 

135. 
Plastic  material,  direction  of  in 

regeneration  i  45. 
Plasticity,  of  potato  i  315;  of 

prothallns  ot  Pteridophyta  ii 

190. 
PUUanus^  cotyledon,  narrow  ii 

406. 
/%i/y^mW»i,heterophylly  ii  350; 

mantle-leaf  ii  350 ;  prothallns, 

development    ii    304;    root, 

transformation  into  shoot  i  1 3, 

ii  337. 
P»  alcicvme^  HUli^  Siemmaria^ 

WilHnckii  ii  337. 
P,  hiformi  ii  350. 
P,  grande  ii  350;  sporangium, 

opening  ii  588. 
Platystaohyae  -  Selaginelleae, 

anisophylly  ii  506;  flower  ii 

507. 
Plenroplastic  type  of  laminar 

growth  ii  313. 
Plocamium,  adhesive  disk  and 

contact    i   369;    division    of 

labour  amongst  shoots  i  39. 
P.  coccineum,  adhesive  disk  i  40, 

88. 
Plug  of  flower  of  Equisetutn  ii 

500. 
Plug-tip  ii  309. 
Pluricellolar,  archesporinm  of 

Angiospermae  ii  633 ;  plant  of 

Thallophyta  i  32. 
Plnrioiliate    spermatozoid    of 

Pteridophyta  ii  173. 
Plarilooalar,  ovary  of  syncar- 

poQS  gynaeceom  ii  563 ;  nni- 

locnlar    ovaxy    becoming    ii 

Plurinadeate  embryo-sac  of 
Peperomia  ii  637. 

PlorioTular  ovary  of  Rammcn- 
laceae  ii  560. 

Pnemnatopbore  ii  378;  mor- 
phological significance  ii  378. 

PotL,  malformation  i  178 ;  vivi- 
pary,  transmission  i  184. 

P*  aipUutt  vivipary  i  1 79, 185. 


P,  du/tosOf  tuber-formation  i  363 ; 
vivipary  i  179. 

P.  nemcraiis,  gall  formed  by 
Ceddomyia  Poae  i  300. 

Podetiom  of  lichensi,  function 
173. 

Podium  in  flower  of  Lycopodi- 
neae  ii  51a 

Podooari>eae,  flower,  female  ii 
530,  morphology  ii  524;  ovule^ 
anatropy  ii  534. 

Podocarpusy  flower,  female,  posi- 
tion ii  533. 

P,  ensifolius,  flower,  female  ii 
530 ;  ovule,  reduced  in  number 
iisao. 

Podostemaoeae,  anchoring- 
organ  ii  333 ;  assimilation-root 
ii  380;  dorsiventrality  i  91; 
baptera  ii  333,  365 ;  leaf, 
without  vascular  bundle  ii  393; 
protocorm  ii  333 ;  reduction 
of  form  and  mode  of  life  ii 
633  ;  root,  aerial,  flattening  i 
346,  dorsiventral  and  light  i 
346,  flattened  i  347 ;  root 
traiofonned  to  shoot  ti  338; 
root-bome  shoot  i  43,  ii  338, 
376,  380;  rootless  ii  365; 
shoot,  adventitious  ii  376,  its 
position  ii  377. 

Pogonopus  OtUmisy  flower,  un- 
essential zygomorplrr  1  X31. 

Polar,  construction  i  (iS ;  differ- 
entiation, and  light  i  339,  of 
Algae  i  239,  in  germination  of 
radial  spores  i  339 ;  nuclei  of 
embryo-sac  of  Angiospermae 

Polarity  of  plants  i  44,  65. 

Pollen,  filamentous,  of  marine 
Angiospermae  ii  611. 

Pollen-obamb6r,ofCycadaceae 
ii  613;  of  Gnetaoeae  ii  516; 
of  Ginkgo  ii  637. 

Pollen-grain,  of  Angiospermae 
ii  537,  germination  ii  014 ;  of 
Gymnospermae,  germination 
ii  61 3 ;  of  Spermophyta  ii  61 1. 

PoUen-motber-cell  ii  Cyclan- 
thera  ii  630. 

Pollan-sao,a  sporangium  ii  573; 
of  Angiospermae  ii  597,  610, 
active  opening  cells  ii  577, 600, 

610,  and  th&  suppression  ii 

61 1,  archesporinm  ii  599,  arrest 
ii  554»  confluence  ii  554,  de- 
velopment ii  599,  endothedum 
ii  600,  four  ii  553,  nutrition  of 
sporogenous  cell-mass  ii  597, 
position  ii  553,  primary  tapetal 
layer  ii  600,  reduction  l^  di- 
vision of  anther  ii  554,  sup- 
pression ii  554,  variation  in 
number  ii  554;  of  Coniferae 
ii  610,  lateral  ii  516,  position 
ii  515  ;  of  Cycadaceae  ii  610 
podtioQ  ii  514;  of  Ginkgoa- 

Yy  a 


oeae,  position  ii  5 1 5 ;  of  Gneta- 
oeae ii  610,  position  ii  536 ;  of 
Gymnospermae  ii  610,  active 
opening  cells  ii  577,  61 1, 
number  variea  ii  553,  position 
11514,536;  oiJumperuifXa* 
minai  ii  516;  reduction  of 
chromosomes  within  ii  598; 
of  Spermophyta  ii  610,  plas- 
modial  tapetum  ii  596 ;  steri- 
lization ii  554,  507. 

Pollen-tetrad  ii  611,  636. 

Pollen-tube,  acrogamous  ii  613 ; 
of  Angiospermae,  function  ii 
614;  basigamoua  ii  614;  of 
Cycadaceae  ii  61 3 ;  of  Gymno- 
spermae ii  613  ;  haustorium  ii 
013,  614;  a  non-fertilizing 
stimulus  ii  634 ;  and  partheno- 
genesis ii  634. 

PoUen-tube-oell  of  Cycadaceae, 
nature  ii  613. 

Pollination,  anemophily  of 
Monocotyledones  ii  547 ;  of 
Abietineae  11533  ;  and  flower- 
structure  of  Angiospermae  ii 
547 ;  of  Cycadaceae  ii  513 ; 
and  number  of  flowers  in  Sper- 
mophyta ii  547. 

Polycardia  phyllanthoidety  in- 
florescence epiphyllous  ii  437. 

Polyembryony  ii  637. 

Polyergio  plants  i  33. 

Polygonaoeae,  dadode  ii  453 ; 
cotyledon,  asymmetry  ii  406 ; 
ochrea  ii  373 ;  stipule,  axiUaiy 

ii  373- 

PofygoHotum,  inflorescence-azis 
transformed  into  assimllation- 
axisii447;  sympodial  rhizome 
ii34. 

P,  i»itf/r(^(0n<m,geophilonsshoot, 
depth  in  soil  ii  465,  periodic 
ii  463;  root,  shortening  ii 
370. 

PofygonuM,  cotyledon,  asymme- 
try i  iif. 

P,  ampAmum,TOot,  endogenic 
adventitious  ii  373. 

P,  chinensit  fhngus-gall  i  196. 

P,  emarginatum,  cotyledon, 
asymmetry  ii  407. 

P.  Fagopyrum,  cotyledon,  asym- 
metry i  115,  ii  407;  root, 
lateral,  place  of  origin  ii  374. 

PolymerouB  gynaeceum  ii  f  58. 

Pofyotus,  water-reservoir  ii  00. 

P,  claviger,  amphigastrium  and 
water-sac  ii  59. 

Polypbyletio,  development  of 
gametophyte  of  Pteridophyta 
ii  3IO ;  origins  119;  ori^n,  of 
construction  of  sexual  shoots 
of  Hepaticae  ii  93,  of  Gymno- 
spermae ii  631. 

Polypodiaceae,  antheridium, 
development  ii  179,  opening 
of  free  ii  177;  prothallus  ii 
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'  aoOf  confignntioii  and  light 
ii  aoa,  doniventrality  rever- 
rible  i  a37f  hair  ii  aoo,  heart- 
like ii  aoi,  meristem  ii  ao4, 
not  heart-like  ii  ao5,  regenera- 
tion i  43 ;  sporanghim,  dcnsi- 
ircntral  ti  574 ;  spore-germina- 
tion ii  413 ;  raNorophyll,  and 
foliage-leaf  alike  in  position 
and  origin  ii  477,  as  new  for- 
mation ii  478. 

P»lypodimm  crenatum,  sporan- 
gium   protected  bj  hairs   ii 

497- 

P,  HeracUuMf  dorsal  rows  of 
leaTes  i  91 ;  dordventrality  of 
stem  i  91 ;  leaf  ii  350. 

P.  imbricatum,  'elaters'  ii  576. 

P,Jubaeformef  sporangium  pro- 
tectee in  pit  ii  ^8. 

P.  ddliqtuUumf^xQ^jiaXijaMt  bristle- 
hairs  ii  aoi ;  sporangium,  pro- 
tection ii  497 ;  symbiosis  with 
ftmgi  ii  a  18. 

P,  propinquumf  heterophylly  ii 
350 ;  nest-leaf  ii  350. 

P.  quercifotium,  donal  rows  of 
leaves  i  91 ;  dontrentrality  of 
stem  191;  heterophylly  ii  349 ; 
nest-leaf  ii  350. 

P.  saccatum,  sporangium  pro- 
tected in  pit  ii  498. 

P,  Schomiurgkianumy  shoot- 
axis,  flattening  i  9a. 

P»  tamiosumf  dorsiventraUty  of 
stem  i  91. 

P.  vulgare,  fern-leaved  ii  345; 
juvenile  form  i  15a  ;  reversion 
1185. 

P.  vulgarey  var,  camdricum,  nud- 
formation  of  leaf  i  185. 

Pofyfompkolyxy  leaf,  transition 
to  shoot  ii  a37 ;  tubular  ii  338, 
ovule,  haustoiium  ii  640,  nu- 
tritive tissue  ii  640;  rootless 
ii  a34,  365 ;  sepal,  confluence 

P.  multifida,  chalaral  funicular 
nutritive  tissue  ii  641 ;  ovule, 
epithelixmi  ii  641. 

Polyporus  fomentariust  directive 
influence  of  light  i  357. 

Polysiphonia  Binderi^  pro-em- 
bryo i  150. 

Pofysphondylium  violaceum,  life- 
^story  i  a6. 

Pofysticnum  angularej  var,  pul- 
cherrimum,  aposporv  ii  608. 

Folytrichaoeae,  antheridium, 
position  ii  150 ;  epiphragm  ii 
166;  rhizoid-strand  ii  lao; 
spore,  shedding  ii  166. 

Pofytrichum,  antheridium,  open- 
ing ii  11;  calyptra,  hairs  ii 
15^;  capsule,  porose  i  19; 
embryo,  protection  ii  153; 
hypsophylt  ii  135 ;  juvenile 
form  i  151 ;  leaf,  dififerentia- 


tioQ  ii  134;  leaf-lamelU  ii 
144 ;  paraphyses  ii  151. 

PolytrU/ium  commune,  sporo- 
ffonium  ii  158. 

Poiywoma  Jtntgermattmoides, 
concrescence  of  hair-roots  i 
54 ;  differentiatioD  i  21 ;  divi- 
&on  of  labour  amongst  shoots 
I39;  dorsiventral  involution  i 
86. 

Pomaoeae,  reversion  of  thorn- 
shoot  to  foliage-shoot  ii  453  ; 
transition  from  foliage-shoot 
to  thorn,  ii  45a. 

Pcntederia^  lateral  root  not 
geotropic  ii  376. 

FontedarUoeae,  juvenile  form 
ii64« 

Popuhis^  callus-root  i  44; 
gravity  and  regeneration  i  a  a  a . 

P,  nigra  i  aaa. 

P,  pyramiddlis  i  aaa  ;  arrest  of 
leaf-bud  and  light  i  333. 

Forogamy  ii  615. 

Foroae,  capsule  of  Papaver  119; 
K^Polytrichum  i  19. 

Pcsidoma,  macropodous  embryo 
ii  a6i. 

Foaitloii,  of  leaf  in  relation  to 
stem-branch  i  81 ;  of  new 
organs  in  regeneration  i  45; 
of  organs  on  radial  axes  i  73. 

Fost-embryonal  development 
of  cotyledon  ii  404. 

Potamoiit&n,  stipule,  axillary  ii 

375. 

P.  nafanSf  reversion^oot  i  17a. 

Fotamogetonaceae,  juvenile 
form  i  164;  macropodous 
embryo  ii  260. 

Potato,  correlation  and  shoot 
system  i  ai5  ;  plasticity  i  ai5 ; 
tuber-formation  retarded  by 
light  i  a3a. 

Potentilla,  flower,  arrangement 
of  parts  ii  530. 

P.  anserina,  leaf,  interruptedly 
pinnat^  i  ia7,  ii  331 ;  leaf- 
branching,  basipetid  ii  330; 
plagiotropous  shoot  ii  457. 

P.fruticosa  ii  530. 

Z'.  nepaUnsis,  flower,  arrange- 
ment of  parts  ii  531. 

Pn  repians,  plagiotropous  shoot 

'^-♦57.  .        .,   ^ 

Potkos  celatocaulisy  juvenile  form 

of  aroid  i  157. 
P,  /Uxuosusy  juvenile  form  of 

Anadendrum  medium  i  158. 
Pothoa-form  of  Aroideae  i  159. 
PotttOf  leaf-lamella  ii  144. 
P,  boHmJoideSy  curvifolia  ii  144. 
P»  trunfotay  spore,  shedding  ii 

165. 
Preissiat  air-cavities  ii  73,  75 ; 

antheridiophore  ii  85;  apical 

eel)  ii  ai ;    archegoiiiophore 

ii    85;     breathing-pore    and 


transpiration  ii  74:  sderen- 
chyma-fibres  ii  76;  spore, 
germination  ii  107,  iii,tnick- 
walled,  ii  106. 

Pnissia,  commutaia,  breathing- 
pore  ii  74 ;  germ-plant  and 
light  i  a39 ;  rhizoid  ii  46. 

FreMore,  and  leaf-positioti  i 
74;  and  development  of  in- 
florescence of  Leguminosae  i 
1 38 ;  cause  of  oblique  flower  of 
Solanaceae  ii  54^;  reciprocal, 
changing  form  of  organs  i  77. 

Priokle,  an  emergence  ii  439; 
a  juvenile  form  i  364. 

Priokla-f ormation  and  medium 
ia63. 

Primaary  leaf,  of  Angiospermae 
i  15s,  ii  336 ;  of  aquatic  plants 
i  164;  of  Bryophyta  i  151, 
of  climbing  plants  i  157 ;  of 
Gymnospermae  i  153;  of 
marsh  plants  i  164;  of  Pterin 
dophyta  i  151 ;  of  xerophilou& 

flants  i  166 ;  and  r^^eration 
46;  reversion  to  i  173. 

Primary  tapetal  layer  of  pollen- 
sac  of  Angiospermae  ii  600. 

FrimitiTe  type,  Casuarina,  not 
ii  633;  Lycopodium  inundatuftr 
11609. 

Frimordliun,  of  organ  not 
indifferent  i  8;  of  root  on 
shoot,  latent  ii  375;  trans- 
formation hindered  in. 

Primula^  gynaeceum  paracar- 
pons  ii  558. 

P.fari$ufsaf  placentation  ii  566. 

P,  sinensis^  branching  ofstaminal 
primordium  ii  536. 

Primulaoeae,  flower,  structure 
ii  540;  gynaeceum,  paracar- 
pous  ii  566 ;  ovule,  bit^[minons 
ii  617  ;  placentation  ii  566. 

PriUhardia  JUifera,  leaf-fozm, 
development  ii  336. 

Fro-Embryo,  of  Algae  i  148 ;  of 
Angiospermae  ii  643  ;  Chan* 
transia,  a  i  149 ;  of  Hepaticae 
ii  107;  of  Musdii  no. 

Pro-embryon&l  gemjna  of 
Musdii  135. 

Profile-poaition  of  leaf  ii  135^ 
393,  338. 

ProKresaive  serial  succession 
of  lateral  organs  i  41,  ii  543. 

Propagation,  asexual,  of  He- 
paticae i  48,  ii  47,  of  Musd  i 
47f  Ji  138,  of  Pteridophyta, 
sametophyte  ii  313,  of  Pteri- 
dophyta,  sporophyte  ii  ^i, 
467,  of  Spermophyta  ii  409 ; 
by  cutting  i  45 ;  organs  of  ii 
573  f  sporangium  an  organ  of 
ii  573- 

Propagative,  adventitious  pro^ 
thalloid  shoots  ii  3 1 3 ;  capacity 
of  organs,    variaUon   1   46;. 
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organs,  cannot  be  referred  back 
to  TegetatiTe  organs  i  i8,  of 
bigber  plants  i  sa 

Propliyll  ii  38a;  asjrmmetry, 
ii  383;  fledby  expanding,  of 
Cyperus  altemifinius  il  384, 
443 ;  fnncticm  u  383 ;  trans- 
formation to  tendril  ii  384, 
436 ;  in  winter-bnds  ii  383. 

Prii^l^rllar,  paraduite  of  fruit 
of  Tilia  ii  383 ;  tendril  of  Cn- 
curbitaceae  ii  384,  436. 

Prop-root  ii  377. 

Proteaoeae^  1^,  cjlindrlc  ii 
393,  profile-position  ii  393; 
l£-form  and  life-oonditi^ 
ti394. 

Protean  yegetatiTe  organ  of 
Utricularia  ii  34a 

Protection,  of  bud  of  Browma 
erecta  i  7  ;  against  drought  i 
361,  ii  65,  148 ;  of  ripoiing 
seed,  of  Ginkgo  ii  533,  of  Co- 
niferae  11533;  of  seeid  of  C>raf 
ii  513  ;  of  spoiai^am  ii  474, 

49^,  497- 

ProteotiTO,  cell-rows  and  scales 
in  Hepaticae  ii  30;  mucilage 
ii  27, 139, 154,  359,  374,  381; 
odour  of  Hepaticae  ii  79; 
orrai,  bract,  ii  391, 397,  coty- 
ledon ii  401,  hypsophyll  ii 
397,  kataphyU  ii  334,  385, 
ligule  ii  377,  peltate  leaf  ii 
334,  pinndie  of  Uleicheniaceae 
a  318,  stipule  ii  359,  363, 
386,  stipel  ii  380;  ptyids  i 
85,  ii  310;  taste-substance  of 
Hepaticae  ii  79. 

Prothallna,  adaptations  ii  315, 
and  phylogeny  ii  310;  adTcn- 
titiousshootsii  313 ;  ameristic 
ii  330;  of  Angiospermae  ii 
^14,  ^3^ ;  apandrous  ii  330 ; 
apogamy  ii  330;  aquatic  ii 
317  ;  arrested  through  correla- 
tion i  58 ;  branch£g  ii  aoo ; 
correlation  of  growth  and 
sexual  organs  i  143  ;  distribu- 
tion of  sexual  organs  ii  330; 
dorsiventrality  i  337, 339, 331, 
ii  191,  103 ;  duration  of  Ufe 
ii  189 ;  ofEquisetaceae  ii  195  ; 
filamentous  and  surfiu:e  growth 
and  light  ii  303 ;  of  Fihdneae 
ii  197,  Eusporangiate  ii  19S, 
Heterosporous  Leptosporan- 
eiate  i  330,  ii  i8o,  a  10, 
fiomosporous  Leptosporan- 
giate  ii  199,  evolution  ii  308 ; 
of  Gymnospermae  ii  61 3, 637 ; 
heart-like  ii  305 ;  influence  of 
gravity  i  319;  of  Isoetaceae  ii 
181,  313 ;  of  Lycopodineae  ii 
183,  191 ;  and  pollination  in 
Spermophyta  u  633,  638; 
propagation,  asexual  fl  313 ; 
of  Pteridophyta,  rhizoid  one- 


celled  ii  188;  radial  U  loi; 
reaction  to  external  stimuli  i 
318 ;  reversion  ii  305 ;  sapro- 
phytic ii  103,  198 ;  symbiosis 
with  fungi  if  1 98, 318;  terminal 
and  lateral  meristem  i  331,  ii 
305;  and  tubercule  primaire 
ii  194,  317;  tuberous  ii  198; 
tubers  on  ti  317;  water-rela- 
tionships ii  315.  See  also 
Magaprothallns,  Mioro- 
prothallws. 

Protoooooaoeae,energid-colony 
i  36. 

Frotocorm,  of  Bicotyledones  ii 
333;  of  Lycopodium  ii  331; 
of  Monocotyledones  ii  333; 
phyletic  significance  ii  333;  of 
Phyllogloiium  ii  333;  tuber- 
ous ii  331. 

Protonema,.  arrest  through 
correlation  i  58 ;  brandling 
and  light  i  334 ;  from  calyptra 
in  Conomitrium  ii  154;  and 
external  finctors  ii  334 ;  gemma 
ii  140 ;  *  leaf,*  in  Mpkemerum 
senxUum  ii  1 39 ;  and  light  ii 
341 ;  luminous,  oi  SchistcsUga 
ii  i3o;  persistent  in  Ephi- 
mernm  i  58,  147;  precedes 
bud-formatioo  in  Musd  i  48 ; 
restingstate  i  363 ;  saprophytic 
life  il  138;  separation-ceU  ii 
135;  short  ^oot  and  long 
shoot  ii  up;  significance  S 
137;  spedal  organs  of  assimi- 
lation li  131. 

Protonenm- thread,  concre- 
scence ii  131. 

ProtophyU,  Du  Petit  Thouars* 
name  for  cotyledon  ii  400. 

Prunus,  adventitious  shoot  ii 
377;  shoot-thorn  ii  453; 
short  shoot  precedes  long 
shoot  in  unfolding  ii  445; 
witches*  broom  i  193. 

P.  auium,  laminar  growth,  basi- 
plastic  ii  313;  leafrlamina, 
branching  i  313. 

P.  Padtis,  kataphyll,  devdop- 
ment  ii  387. 

P.  spif$&saf  transformation  of 
shoot  to  thorn  ii  440. 

Psamma  arenaria,  ligule  ii  376. 

Pseudo-midrib  of  Hepaticae  ii 

41- 

PeeadopodiomofMusdii  161. 

Pailotaoeae,  dadode,  ii  4^8; 
sporangium  and  spore-distri- 
bution li  578 ;  sporophyll  and 
sterile  ki^  compared  ii  504. 

PsUotufH^  dadode  ii  448 ;  root- 
less ii  364 ;  shoot,  rootless  ii 
334;  shoot-apex,  unprotected 
hypogeousii  a66;  sporangium, 
relationship  ii  505 ;  sporophyll 
and  sterile  leaf  compared  ii 
504 ;  sterile  odls  of  sporogen- 


ous  tissue  ii  59^ ;  sterilization 
in  sporangium  li  605. 

PsiUtum  com^OHOtum,  dadode 
11448. 

P.  complanatum  {P.JIacddum\ 
sporangium,  origin  an4  pon- 
tion  ii  504. 

PteUa  trifoliatOt  leaflet,  asym- 
metry i  133. 

Pteridophjta,  annual,  rare  ii 
4JLI ;  andieridium  ii  173,  de- 
^opment  ii  177,  develop- 
mental series  ii  180,  embedded 
ii  174,  free  ii  177,  structure  ii 
173;  apogamy  ii  187,  aso; 
ardiegonium  ii  183,  devdop- 
mentii  184,  number  and  fertil- 
isation ii  547;  archesporium 
ii  601 ;  branching,  variation 
in  place  of  ii  431 ;  dadode  ii 
448;  conformity  in  devdqp- 
ment  of  antheridium  and 
archegonium  ii  185 ;  cotyledon 
ii  400,  arrested  foliage-leaf  ii 
400,  not  storage-organ  ii  400, 
not  suctorial  organ  ii  400, 
resembles  prinuuy  leaf  ii  40a  ; 
egg  ii  184 ;  embryo,  and 
eravity  i  319,  organs  ii  343; 
Sower  ii  473,  use  of  term  ii 
470 ;  gametophyte,  configura- 
tion ii  188,  mcmocarpic  ii  189, 
polyphyletic  devdopment  ii 
3IO,  significance  in. mainten- 
ance of  forms  ii  190,  symmetry 
ii  191 ;  gemma  ii  313,  467, 
origin  of  formation  ii  315; 
Hrterosporous  ii  577,  ^3, 
antheridium  of^  develoinnent  ii 
180,  prothallus  of,  limited  de- 
vdopment i  143,  ii  190; 
Homosporous,  antheridium  of, 
development  ii  178;  hook- 
leaf,  ii  419;  inductioa  of 
limited  growth  ii  577 ;  involu- 
tion, dorsiventral  i  86;  iso- 
sponr  ii  577  ;  juvenile  feim, 
con^gurationii5i;  kataphyll 
ii  350 ;  leaf-primordium,  origin 
from  group  of  cdls  U  306, 
origin  firom  one  cell  ii  305  ; 
megasporangium  ii6o3 ;  ndcro- 
spOTBngium  u6o3 ;  paraphyses, 
rare  ii  330,  of  prothallus  ii 
188 ;  phyletic  relationship  with 
Bryophytaii  187 ;  phyllotaa^, 
heterodromv  i  78,homodromy 
i  78;  prothallus,  adaptation 
ii  315,  ameristic  maleii  aao, 
asonial  prc^Mgaticm  of  ii  313, 
dorsiventral  and  light  ii  191, 
dorsiventral  and  radial  ii 
3 10,  dorsiventrality  inherited 
character  ii  191,  duratioo 
of  life  U  189,  hairs  U  i88» 
and  light  i  341,  phj^tic 
questions  ii  3 10,  plastiaty  ii 
190,  one-cdled  rhixoid  ii  188, 
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water-reUdooship  ii  a  1 5 ;  root, 
bad  i  46,  ii  431,  lateral,  origin 
in  endodermif  ii  373 ;  root- 
lot  ii  263;  senud  organs  ii 
17a,  abnormal  ii  187,  com- 
pared with  those  of  Bryophyta 
li  185,  distribution  ii  aao, 
S]rstematic  importance  U  186 ; 
spennatozoid  ii  i^a;  spor- 
angimn,  active  cells  of  ezo- 
thectinm  ii  611,  active  cells 
in  wall  ii  577,  derelopment 
ii  600,  ino^tion  ii  601,  and 
li£^t  i  245,  mature  ii  578, 
origin  from  leaf-K>rgan  ii 
473,  positioQ  ii  493,  radial 
ii  574,  resembles  ovule  of 
Cycadaceae  ii  6a6,  stalked  and 
nnstalked  ii  574;  sporophyll 
ii  472,  function  ii  473,  as  new 
formation  ii  477 ;  stipule  rare 
ii  365 ;  subtenanean  parts  have 
no  dilorophyll  i  IP3;  stem- 
apex,  suppression  of  lateral 
shoot  ii  431 ;  symbiosis  with 
fungi  ii  ai8. 

Pteris  artica,  apogamous  shoot 
and  light  i  229;  drdnate 
ptjnds,  absent  ii  320;  leaf, 
development  ii  320. 

P,  hngifolia^  prothallus  and 
light  li  20a;  spore-germina- 
tion ii  203. 

P.  quadriauritat  gall-formation 
i  198 ;  malformati<m  caused 
by  fim^  ii  526;  witches* 
broom  1 193. 

P.  semtpinnaia,  pinnule,  lateral 
fonnation  ii  480. 

P,  sirrulatay  leaf,  development 
ii  314.  3ao. 

P.  umdrwa,  drdnate  ptvzis 
absent  ii  320 ;  leaf,  devdop- 
ment  ii  320. 

Pttrobryella  hftgijrons,  scale- 
leaf  ii  133. 

PUrocarya  caucasicOy  leaflet, 
asymmetry  i  123. 

PUrosptrmum  javanicum,  sti- 
pule with  pearl-gland  ii  381. 

P^rziai  and  growth-relationship 
in  leaf  ii  311 ;  drdnate,  in 
leaf  with  a|Scal  growth  ii  310, 
321 ;  influence  on  of  space-re- 
latiomships  in  Calika  palustris 
ii  31 1 ;  involute  i  85,  if  310 ;  re- 
volute  oi  Drosaphyllum  il  310. 

Poll-root  ii  269 ;  and  geophilous 
shoot  ii  466 ;  regulates  depth 
of  shoot  in  soil  ii  270. 

Palaatilleae,  dicotylous  embiyo 
ii  250 ;  involucre  ii  550. 

PycfUfthelia^  symmetry  and 
direction  iys. 

Pyrola,  adventitious  ihoot, 
position  ii  27^. 

Pyrpla  (Jdcnesu)  Mmflora^  free- 
living  root  ii  234. 


Pyrolaoeag,  embryo,  reduced 
ii  25^;  inflorescence,  unilatefal 
ii30. 

Pyrtts,  short  shoot  precedes  long 
shoot  in  anfoldmff  ii  445. 

P,japomca^  advcnadons  shoot, 
position  U  277. 

P,  MtUus,  ovary,  development 
ii  568;  reversion  of  thorn- 
shoot  to  foliage-shoot  ii  453. 


Quadrants  of  moss-capsule  ii 

QoalitatiTO  influence,  of  corre- 
lation i  214 ;  of  gravity  i  224 ; 
of  light  1238. 

QnantitAtiTO  influence  c^  cor- 
relation i  207. 

Qtttrcm,  affected  by  Cynips 
r9$ae  i  198;  anisophyUy  of 
lateral  shoot  i  93 ;  compensa- 
tion of  growth  in  fruit  i  207 ; 
cotyledon,  broad  ii  406,  emar- 
einate  ii  407,  pdtate  ii  334 ; 
flower,  podtioQ  of  male  and 
female  if  472 ;  gall-formatioD 
i  109;  kataphyll,  stipular  ii 
386 ;  laminar  growth,  pleuro- 
plastic  ii  312;  leaf-lamina, 
branching  ii  31 2 ;  leaf-insertion 
on  lateral  shoot  i  93 ;  ovule, 
formed  through  stimulus  of 
poUen-tube  i  269,  ii  263,  sup- 
pression of  i  58 ;  root-devdop- 
ment,  periodidty  ii  290;  sti- 
pule caducous  U  363,  protec- 
tive function  ii  363. 

Q.peduncukUatStssilificrayf^OQ^, 
dordventral  lateral  i  03. 

QHtsqualis  ckimnsis,  change  of 
function  of  leaf  i  9;  climbing 
organ  i  9. 

Q.  mdUa,  hook  for  climbing  U 
420. 

R. 

Baoibonki  induces  experi- 
mental malformation  i  187. 

Racomitriumf  hair-point  ii  149 ; 
papilla  on  leaf-surface  ii  143. 

Rac^piluMi  anisophyUy  i  100. 

Badial,  ajds,  pontion  of  organs 
i  73,  with  placiotropy  i  8k  ; 
construction,  ctefinition  i  00, 
of  leaf,  how  brought  about 
i  114,  of  prothallus  of  Pterido- 
phyta  ii  191 ;  corolla,  evolution 
u  553 » <uid  dorriventral,flower 
i  128,  129,  ii  544,  forms  in 
Hepaticae  ii  18,  forms  inMusd 
ii  10,  inflorescence  i  134,  pro- 
thallus of  Pteridophyta  ii  210, 
lateral  shoot,  transition  i  98 ; 
flower  of  S^laginelia  primitive 
ii  509 ;  lateral  flower  i  133 ; 
Icfluf,  in  Australia  ii  293,  of 
Monocotyledones  ii  328 ;  shoot 
of  Musd  ii  132 ;  spore,  polar 


diflEBfentiation  in  germioatioD 
i  aa9;  sporangium  of  Pterido- 
phyta ii  574 ;  morogoninm  of 
Bryophyte  i  230,  ii  574. 

^odhfAi,  auricle  ii  58 ;  gemmae  ii 
51 ;  sexual  shoot,  dorsiventral 
ii  89;  spore-spmination  ii 
108;  sporogonium,  devdop- 
ment  ii  103. 

R,  complmmia,  brandling  in  rela- 
tioatoleafii4^ 

R,  pyen^nmwuiit^  water-sac 
ii  59,  as  animal-trap  ii  64. 

^. /fiMkMW,  archegonial  groQps 
ti88. 

BalW— tap— 6,  embryo,  reduced 
ii2K4;  parasitism  ii  225;  seed 
with  small  embryo  and  endo- 
sperm ii  631, 

Han  nmrnl  acioao,  swiiniltliiii' 
shoot-axis,  arrest  of  leaf  11440; 
correlation,  carpd  and  oviile 
i  59;  dtioublement  ii  533; 
flower-envelope,  evolution  ii 
549;  flower-nectary  ii  430; 
ovary,  monomerous  ii  559, 
reduction  of  ovules  ii  560; 
ovule,  arrest  i  59,  carpdlary  ii 
560,  podtion  in  ovary  ii  560, 
variation  in  number  of  int^- 
ments  ii  617;  sole  of  carpd, 
devdopment  ii  560;  trans- 
formation of  stamen  ii  555. 

Rammculus,  ovary,  devdopment 
ii  560,  reduction  of  ovules  ii 
560 ;  ovule,  podticm  ii  48a ; 
petd,  nectariferous  ii  550; 
petaline  flag-apparatus  ii  551. 

^uKm,byp8ophylI,dividedii393. 

R,  aquaiuiSf  leaf,  divided  sub- 
merged ii  358. 

R,  Ficaria^  antagonism  between 
vegetative  propagation  and 
seed-formation  1213;  embryo, 
retarded  ii  249;  root-devdop- 
ment,  periodid^  ii  289 ;  root- 
tuber  ii  289. 

R,  JluiUmSy  root,  endogenetic 
adventitious  ii  273 ;  water-leaf 
and  land-leaf  i  2(k>. 

R,  imilHfidus,  leaf,  divided  sub- 
merged ii  358 ;  water-leaf  and 
land-leaf  i  261. 

Rapkamu,  cotyledon  emarginate 

Baaotion  of  organs  to  external 

stimuli  i  217. 
Rebauiia^  air-cavities  ii  75;  invo- 
lution of  parts  to  resist  drought 

U65. 
Beoeptadle  ii  472. 
Bodprooal,  influence  of  organs 

i  206 ;  pressure  changing  form 

<A  organs  i  77. 
Beduoid,  form  of  Filices  ii  264 ; 

leaf  in  juvenile  stage  ii  447 ; 

nKMrsngium  of  Heteroq>oroua 

FUidneae  u  574. 
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Badnotton,  of  chromosomes,  in 
BryophyU  ii  8;  and  tpore- 
development  ii  ^96,  ^ 08,  625 ; 
of  form  and  mooe  of  life  i  335, 
341,  633;  in  gynaeoenm  of 
Angiotpermae  ii  548,  633  ;  in 
number,  of  m^aspores  ii  636, 
of  parts  of  flower  by  arrest 
ii  546,  c^  parts  of  flower  by 
cooflnence  li  538,*  of  pollen- 
mins  ii  636,  of  pollen-sacs 
it  554,  of  ovules  in  OTary  ii 
560,  631 ;  in  ovole,  of  Angio- 
sperroae  U  633,  and  parasitism 
and  saprophytism  ii  618 ;  in 
pollen-tabe  of  Gymnospermae 
li  614;  of  prothallus,  method 
ii  300 ;  series  i  61 ;  of  water- 
channrls  in  leaf  ii  303. 

BegonoTAtion,  bulbils  in  i  45 ; 
and  callus  i  44,  333  ;  direction 
of  plastic  material  in  145;  em- 
bryonal tissue  first  formed  i  43 ; 
in  Fungi  i  49;  and  gravity  i 
45,  331 ;  in  Hepaticae  i  48, 
ii  53,  67 ;  from  leaf  i  45,  50 ; 
and  light,  in  Algae  i  337 ;  in 
Musd  148,11 53 ;  new  formation 
of  organs  in  i  44 ;  and  polarity 
i  4^ ;  positicm  of  new  organs  in, 
dennite  i  45 ;  of  prothdlus  of 
fienis  1 43 ;  of  root-apex  i  43 ; 
from  shoot  i  46 ;  at  vegetative 

foint  i  41 ;  of  vegetative  point 
43* 

BagnlT  flower  i  138. 

BoUtionshipa,  of  correlation  i 
306 ;  of  foliage  leaf  and  sporo- 
phyll  i  II,  ii  474,  498,509? 
of  juvenile  and  adult  form  i 
143;  of  organs,  to  external 
stimulus  1  317,  to  gravity  1319, 
ii  76,  to  light  i  337,  ii  76, 149, 
to  mechsnical  stimulus  i  360, 
to  water  i  360,  ii  53, 141, 315 ; 
of  shoot  to  function  ii  441 ;  of 
symmetry  i  65,  of  flower  i  138, 
ii  538,  544,  of  flower,  Spren- 
gd's  interpretation  1  133,  of 
inflorescence  i  138,  134,  of 
leaf!  114,  ii  393, of prothallus 
ii  191,  of  shoot  i  84,  li  18, 131, 
44a.  459»  of  sporangium  ii  475, 
574,  of  sporogonium  ii  93, 157, 
ofstipule  11366. 

RemusaHa  vioipara^  genmia  ii 
469. 

BanoTation-flhoot,  modified 
leaf-form  i  190. 

Boprodnotion,  dioot  in  the  ser- 
vice of  11467. 

BeproduotiTe,  capacity  varying 
with  age  i  143;  organs  and 
vegetative  growth,  antagonism 
between  i  143,  313,  0  313, 
605. 

Reseda^  flower,  development  ii 
543,  dordventral  i  139,  ii  543 ; 


gynaeoeum,  development  ii 
565 ;  style,  formation  ii  565. 

Restda  ahm/a,  phyllody  i  181. 

Bosedaceae,  flower,  develop- 
ment ii  545. 

Beserve-nmterial,  cotyledon  as 
reservoir  ii  401 ;  hypocotyl  as 
reservoir  ii  358. 

BMtiaoeae,  assimHatiitf^  shoot- 
axis  with  arrested  leafii  447. 

Basting,  bud  i  174,  318,  ii  44, 
398 ;  sUte,  and  drought  i  361, 
sderotinm,  a  i  363. 

Betardation  in  development  i 

57. 

Betardad, embryo  ii  353 ;  forma- 
tioD,  tubular  leaf  as  ii  337. 

Batantion  of  water,  hi  Hepaticae 
1153;  inMusdii  143. 

Bationlata  venation  ii  338. 

Ritisusporoy  juvenile  form  of 
Cupressineae  i  154. 

BeTaraible  dorsiventrality  of 
prothallus  of  Filices  1  338. 

Bavaraion,  causes  indudng  i 
i73i  i^Si  3iS>  H^>  3<^»  ii  305, 
448 ;  to  juvoiile  form  i  145, 
171,318,343,  360,  ii  447. 451; 
of  leaf  to  thallus-form  in  tun- 
germannieae  ii  43 ;  and  malfor- 
mation i  183,  i8k;  of  thorn- 
shoot  to  foliage-uoot  ii  453. 

Rhamnacaaa,  dadode  ii  451. 

Rkamnus  caiAartua,  shoot-diom 
ii  453 ;  transition  between  epi- 

feous  and  hypogeous  cotyle- 
on  11403. 

R,  Frangulat  laminar  growth, 
pleuroplastic  ii  313;  transition 
between  epigeous  and  hypoge- 
ous cotyledon  ii  403. 

Bhaphidophora-fonn  of  Aroi- 
deae  i  159. 

Rhapkisj  l«»f-form,  development 
ii  337 ;  ligule  ii  378. 

Rheum  undulatum^  ochrea,  split- 
ting 11373. 

Bhi]iantiiaaa,haustoriumii  334. 

Rhinantkus,  hypsophyll  formed 
by  leaf-base  ii  394. 

R,  major,  hypsophyll  ii  301; 
transition  from  fouage-leaf  to 
hypsophyll  ii  393. 

RhipsaltSf  juveime  form  1  170 ; 
Phyllocactus-form  1  16^, 

R,  Cassytha,  paradoxa,  juvenile 
form  i  170. 

Bhlsoid,  of  Alfae  i  369 ;  absent 
in  aquatic  Hepaticae  1  369, 
ii  45;  absent  in  prothallus 
of  aquatic  Pteridophyta  ii 
189 ;  anchoring-disk  011  ii 
45;  of  Char  a  ii  117,  and 
light  i  331 ;  developed  through 
contact-stimuli  1  369;  of  He- 
paticae ii  45,  division  of  labour 
ii  45  ;  of  Musd  ii  45,  116;  of 
PteridophyU  ii  188 ;  smooth  11 


47;  symbiosis  with  fungi  ii 
318;  trabecular  ii  47;  trans- 
formation in  Hepaticae  ii  47 ; 
unicellular  and  piuricellular  in 
Pteridophyta  ii  189;  of  Utri- 
cularia  ii  337 ;  and  water-sac, 
correlation  in  Hepaticae  ii  45. 

Bhisoid-briatla  01  Dumortiera 
hirsuia  ii  47. 

Bhisoid-dlsk  of  epiphytic  He- 
paticae ii  45. 

Bhisoid-atrand,  of  Hepaticae 
ii  33;  of  Musd  ii  isa 

BhiBoma  of  Begonia  Rex  i  1 30; 
of  Hepaticae,  sympodial  ii  35; 
perennating  geoplulous  ii  463 ; 
of  Polygonatum  i  34. 

Rhiaophora,  embryo,  viviparous 
ii  355  ;  sterilization  in  pollen- 
sac  ii  555.  597. 

R,  mMcronata,  septate  pollen- 
sac  11555. 

Bhisophore  of  Selaginella  ii 
338 ;  a  further  development  of 
stalk  of  root  ii  231 ;  develop- 
ment ii  339;  morphologiod 
nature  11  330;  transformed  into 
leafy  shoot  ii  329. 

Bhisophoraaa, prop-root  ii  277. 

Rhodochiton  voluHU,  foreruimer- 
tipii3o8. 

Rhododendron,  ovary,  syncar- 
pous  superior  ii  563. 

Bhoaadinaa,  flower,  arrange- 
ment of  parts  ii  533. 

Rhus  Cotinus,  correlation  of 
growth  in  flag-apparatus  i 
313;  flag-flower  11  571. 

Rhynchoglossum^  anisophylly, 
habitual  1113. 

Rhyncholacis  macrocarpa,  root- 
less U  365. 

Bibaad-form  of  leaf  in  mono- 
cotylous  aquatic  plants  ii  357. 

Bibaslaoaaa,  suspensor-hausto- 
rium  ii  643. 

Riccia,  apical  angle  ii  31 ;  arche- 
gonium,  free  ii  14;  oil-bodies  ii 

Jr9;  rhizoid,  absent  in  water- 
brm  ii  45,  present  in  land- 
form  ii  45 ;  scale  ii  38 ;  sexual 
organs,  diffuse  dispontion  ii 
80,84;  sporogonium,  internal 
differentiation  ii  97. 

R.  buibifera,  tuber  11  70. 

R.  ciliata,  habitat  ii  71. 

R.  ctysiailina,  air-chamber  ii  73 ; 
scale  ii  38. 

R,  glaucay  r^eneration  ii  67; 
unwetuble  thallus  ii  70. 

R,  fluitam,  air-chamber  ii  73  ; 
antagonism  between  repro- 
ductive and  vegeUtive  organs 
i  313;  land-form  and  water- 
form  i  369,  ii  34 ;  protective 
scale  ii  39;  relationship  to 
water  ii  53 ;  rhizoid  and  con- 
tact stimnlusi  369;  thallus  iisi. 


Digitized  by 


QjOo^^ 


696 


INDEX 


Riccia  kirta,  pro-embryo  ii  iii. 
R.  inJUxa,  involution  of  parts  to 

resist  drought  ii  65. 
R,  lame/losa,  oil-bodies  it  79 ; 

scale  ii  30 ;  water-excretion  ii 

J?.  natoHs,  air-chamber  ii  73; 
forked  thallos  ii  35;  land- 
form  1134,47;  scale  U  30,  33; 
tnber  ii  67 ;  water-form  ii  34. 

Biodeaa,  air-cavities  ii  71  ; 
antheridinm,  development  ii 
13;  scale  ii  39;  spore-germi- 
nation ii  III;  spores  laige  ii 
106;  sporogomnm,  develop- 
ment H  104;  tnber  ii  70;  water- 
storage-tissne  ii  76. 

RieifOy  chlorophyllons  embryo  ii 
105 ;  dorsiventrality  i  87 ; 
mucilage-papilla  ii  37  ;  sexual 
organs,  position  ii  80 ;  sporo- 
gonium  ii  575,  contains  spores 
and  nutritive  cells  ii  98 ;  scale 
ii  34»  35 1  thallus,  symmetry  ii 
18. 

^.  BattamUeri,  thallus,  sym- 
metry i  86,  ii  10. 

R,  ClausoniSf  male  plant  ii  19. 

R,  helieopkylla,  depth  in  water 
ii  30. 

Bipening  fruit,  biolo^  of  ii 
570 ;  transpiration  in  li  5^0. 

Robima,  stipel  ii  380;  thorn- 
formation  and  moisture  i  363. 

R,  Pseudacacia^  stipulai:  thorn  ii 
381 ;  stool-shoot  i  310. 

R,  viscosa,  leaflet,  asymmetry  i 

133. 

Rochea  falcaia^  leaf,  antitropic  i 
116,  asymmetry  i  116. 

Boot  ii  363  ;  adaptation  ii  377  ; 
adventitious  ii  364, 374 ;  aera- 
tion-striae ii  385  ;  air  ii  381 ; 
anchoring  ii  386,  usually  un- 
branched     ii    374;    aquatic, 

g-owth  in  soil  ii  367 ;  assimi- 
tion  i  346,  ii  380,  384; 
branching,  suppressed  ii  374 ; 
breathing  ii  378;  capless  ii 
367,  368 ;  characters  ii  365 ; 
chlorophyllons  i  346,  ii  380, 
384 ;  cuttings,  feeble  in  Coni- 
ferae  i  51 ;  dimorphism  ii  371 ; 
dorsiventrality  i  346,  ii  381, 
384;  duration  of  life  ii  390;  of 
epiphytes  i  346,  ii  383 ;  and 
exotropy  ii  376  ;  free-living  li 
334;  function  ii  363,  change 
o(  rare  i  13;  and  gravity  i 
333,  ii  376 ;  hairless  ii  369 ; 
intracortical,  in  Bromeliaceae 
ii  368 ;  and  light  i  317,  319, 
331,  346,  ii  376;  malforma- 
tion, experimental  i  191 ; 
medianiad  organ  of  protec- 
tion, ii  388;  mycorrhisa  ii 
389 ;  nest  ii  383 ;  period  of 
development  ii  389;  pull  ii 


,  465  ;  region  of  grovrth  ii 
;  region  of  root-hdrs  11369; 
seconduy,  endogenetic  forma- 
tion ii  373  ;  shoot  transformed 
into  ii  333 ;  shortening  ii  369 ; 
stalk  in  Selagitulla  spinuhsa 
ii  330;  storage  ii  389;  sym- 
biosis vrith  Thallophytaii  383, 
389 ;  tendril  ii  386 ;  thorn  ii 
388 ;  transformation  into  shoot 
explained  ii  338 ;  transformed 
i  13,  ii  378,  into  shoot  i  13, 
11  336;  and  water  U  376. 
Boot-apez  ii  366 ;  regeneration 

i43. 

Boot-bom«,  bud,  exogenetic  ii 
376,  of  OphiogUssum  i  46,  ii 
431,  of  Spermophyta  ii  376 ; 
shoot,  endogenetic  ii  388,  of 
OpkiogUssum  tmlgatum  ii  3  38, 
origin  ii  374,  of  Podostemaoeae 
i  43,  ii  338,  376,  380. 

Boot-cap,  of  aquatic  plants  ii 
367 ;  function  ii  366 ;  signifi- 
cance ii  366. 

Boot-olimbor  1  iso,  157. 

Boot-development,  periodi- 
city ii  389 ;  through  stimulus 
of  gall-insect  i  300. 

Boot-formation    and    light  1 

331- 

Boot-hair  ii  369;  absent  in 
Coniferae  ii  sop,  in  water- 
plants  ii  369;  of  epiphytes  ii 
383  ;  and  epigeous  parts  ii 
369;  in  Teums  ii  3O9;  on 
water-roots  ii  369 ;  suppression 
in  water  ii  369. 

Boot-knee  of  Taxodium  i  360, 
ii  380. 

Boot-primordlnm,  latent  on 
stem  ii  375. 

Boot-spread  in  the  soil  ii  375. 

Boct-ayetem  ii  373;  correla- 
tion, and  direction  i  314,  ii 
375,  and  gravity  ii  375 ;  of 
Monocotyledones  ii  373 ;  sup- 
pression in  mangrove  ii  373. 

Boot-tendril  ii  386. 

Boot-tip,  callus-formation  i  43. 

Boot-tuber  ii  389. 

Bootleaa,  Pteridophyta  11  363 ; 
shoot  ii  334  ;  Spermophyta  ii 
365. 

Rosa^  flower,  ttrransement  of 
parts  ii  530;  leaf-branching, 
basipetal  if  330;  ovary,  de- 
velopment ii  560;  ovule,  re- 
duction in  number  ii  560. 

R,  gattUa^  pomifera^  leaflet, 
asymmetry!  133. 

Bosaoeae,  archesporium,  pluri- 
cellular  ii  633;  flower,  arrange- 
ment of  parts  ii  530 ;  leaf,  in- 
terruptedly pinnate  ii  331 ; 
effect  of  nutrition  on  number 
of  stamens  ii  538;  ovary, 
monomerous   ii  559;    ovule, 


carpellary  ii  559,  variatioQ  in 
number  of  integuments  ii  618 ; 
«dpnle,  asymmetry  i  135. 
Bosneflorae,  ovary,  inferior  ii 
568 ;   stamen,   di^>osition    ii 

539- 
Boseniary,  plagiotropons  shoot, 
conditions  for  development  ii 

459* 

Boeette  of  archegonium  of  Coni- 
ferae ii  639. 

Bubiaoeae,  flower,  unesKntial 
zygomorphy  i  130;  ovule, 
ategminy  ii  619;  stipular 
whorl  ii  369 ;  stipule  concre- 
scent  ii  368. 

Rubus,  adventitious  shoot,  posi- 
tion ii  377 ;  flower,  arrange- 
ment of  parts  ii  530 ;  lea£t, 
asymmetry  i  133 ;  ovaiy, 
monomerous  ii  559. 

R,  austraiiSf  transition  from 
foliage-leaf  to  phyllodinm  ii 

354- 

R.  australiSf  var,  cissMfs,  seed- 
ling ii  353. 

R.Jruticcsus,  leaflet,  asymmetry 

i  133. 

R,  fdaeus,  flower,  arrangement 
of  parts  ii  530 ;  leaflet,  asym- 
metry i  133. 

Budimentary  Hepatlcae  ii  1 14. 

Ruellia,  cotyledon,  broad  11 406. 

RumeXf  stamen,  doubling  ii 
536. 

R,  AcetosellOf  transformatioa  of 
shoot  into  root  ii  333. 

BominAte,  endosperm  H  407. 

Ruptia,  macropodous  embryo  ii 

301. 

Buptnre     of    pollen-tube    in 

Cycadaoeae  H  013. 
Buptnre-tuberolea  of  prothal- 

lus  of  Sehginella  spiimlasa  u 

195- 

Ruscust  phylloclade  i  15,  ii  450. 

R,  acuieatus^  etiolated  shoot  i 
349 ;  inflorescence  upon  upper 
side  of  phylloclade  ii  451; 
juvenile  form  i  166;  phyUo- 
dade  ii  451,  and  li^t  i  349; 
shoot- thorn  ii  453. 

R.  andrcgynm,  juvenile  ibnni 
166. 

R,  Jfypogiossum,  infloreKcnce 
upon  upper  sideof  phyllockide 
ii  451 ;  juvenile  form  i  166 ; 
phylloclade  ii  45a 

R,  HypophyUum^  infloiescenoe 
upon  under  side  of  ph^lo- 
clade  ii  451;  phyllodade  ii 
450. 

Ruia  graveolmSf  pentamery  and 
tetramery  in  same  plant  ii 
538 ;  leaf-apex,  precedence  in 
growth  ii  310. 

Rytipkioea  pinastroides,  dorsi- 
ventrality, significance  i  87. 
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8aoh8,  definition  of  morphology 
i  4,  of  physiology  i  4 ;  experi- 
ment on  flowering  and  light  i 
24A ;  hypothesis  of  material 
and  form  i  aoo. 

SagitUtriOy  leaf,  sagittate  ii  334 ; 
reversion  to  jnvenile  form  and 
l^ht  i  343 ;  reversion-shoot  i 
173  ;  venation  ii  340. 

S,  cordifolia^  jnvenile  form  i  164. 

S,  natans^  juvenile  form  i  164; 
reversion  i  360;  reversion- 
shoot  i  173,  3l8. 

Sagittate  leaf,  development  ii 

334- 
Salacia^  shoot-tendril  ii  4^6. 
Salicomiay  halophyte  i  305. 
SaliXf  axillary  branching  ii  433  ; 

gravity  and   cutting   i    233; 

Savity  and  formation  of  new 
oot  i  333 ;  kataphyll  ii  395 ; 
laminar  growth,  basiplasdc  ii 
313;  latent  root-primordium 
on  stem  ii  375  ;  leaf-lamina, 
branching  ii  313;  prophyll  of 
bud  ii  383. 
S,  Caprea,  repem,  modification 
of  sex  by  external  conditions  i 

S,  tncanot  arrest  of  leaf-bud  and 
light  i  333. 

S.  pruinosa,  vitellinaf  latent 
root-primordium  on  stem  ii  375. 

Sahoia  Kali,  halophyte  i  366. 

SahfiOy  origin  of  androednm  i 
60;  reduction  of  number  of 
pollen-sacs  ii  554. 

S,  Horminumy  peloria  i  189. 

Sahinia^  antheridium,  develop- 
ment ii  183;  gametophyte, 
male  ii  183  ;  heterophylly  ii 
348 ;  juvenile,  form  i  164,  state, 
result  of  adaptation  i  170; 
leaf,  water  ii  348,  float  ii  34, 
348;  m^[asporangium,  tetrad- 
tormation  ii  603 ;  megaspore, 
intrasporangial  germination  ii 
633 ;  megasporophyll  ii  487 ; 
microsporophyll  ii  487 ; 
microspore,  germination  ii 
183,  318 ;  prothallus,  chloro- 
phyllous  ti  211 ;  rhizoid  absent 
from  female  prothallus  ii 
189;  rootless  ii  364,  shoot  ii 
334  ;  sporangium,  position  ii 
493 »  spore-germination  in  ab- 
sence of  light  ii  190;  tropical 
spedet  with  unlimited  life  ii 

441. 

S,  auricuiatOy  float-leaf  ii  348. 

S,  na/anSf  annual  ii  441 ;  float- 
leaf  ii  348;  germination  of 
megasporeii  311. 

SalTiniaoeae,  megaspore,  re- 
duction in  number  of  ii  636 ; 
microspore,  distribution  ii  318 ; 


prothallus,  female  ii  3ii ; 
sporangium  reduced,  not  radial 
ii  574 ;  spore-distribution  not  a 
function  of  sporangium  ii  573 ; 
sporophyll  u  487  ;  water-dis- 
tribution of  spores  ii  575. 

Sambucus  EbuluSf  leaf,  acro- 
petal  branching  ii  330 ;  stipule, 
number  ii  364. 

S.  nigra,  anisophylly,  lateral  i 
108 ;  leaf-brancldng,  basipetal 
11  330 ;  petiolar  glsukd  ii  363 ; 
stipule,  as  honey-gland  ii  381, 
of  sucker-shoot  1191,  variable 
number  ii  364;  stool-shoot  i 

310. 

Santalaotae,  embryo-sac-hau- 
storium  ii  630 ;  ovule,  ategminy 
ii  619. 

Saponaria  officinalis,  doubling  of 
flower  caused  by  Ustilago  an- 
therarum  i  193. 

Sftprophytism,  assimilating  and 
transpiring  leaf-surface,  re- 
duced in  u  365  ;  embryo,  re- 
duced in  ii  354 ;  of  free-living 
root  ii  334 ;  of  Musd  ii  1 38 ; 
ovule,  ategminy  in  ii  618 ;  of 
prothallus,  of  Lycopadium  ii 
193,  of  Ophioglossaceae  ii  198, 
of  Ophioglossumpedunculosum 
11 193  I  of  protonema  ii  138 ; 
scale-leaf  and  vascular  bundle, 
reduced  in  ii  393. 

Sarcanthus  Parishii,  rosirahts, 
flattening  of  root  in  light  i 
346. 

Sarothamnus  vulgaris,  assimi- 
lating shoot-axis  ii  446. 

Sarracenia,  leaf,  tubular  ii  338, 

557.  .,     , 

Sarraceniaoeae,  juvemle  form 
i  164. 

Sauromatum,  laminar  growth, 
basal  ii  334. 

Sauteriay  scale  ii  30. 

Saxifraga  Aitoon,  longifolia, 
leaf,  unstalked  ii  301. 

S.  caespiiosa,  heterophylly  ii  353. 

S,  granulata,  leaf,  stalked  ii  301 . 

S.  rotundifolia,  hypsophyll. 
divided  ii  393 ;  leaf,  sUdked 
ii  301. 

S,  sarmentosat  stolon  ii  461. 

S,  stdlariSy  flower  becomes  dor- 
siventralin  development  i  lap. 

Scabiosa,  size  of  flower  and  lig^ 
11552. 

S,  Columbaria,  heterophylly  ii 
351 ;  transition  between  pin- 
natifid  and  pinnate  leaf  ii  333. 

Scale,  of  Hepaticae  ii  37,  biolo- 
gical signincanoe  i^  34 ;  semi- 
niferous, of  Abietineae  ii  518, 
6ai. 

Soale-leai;  of  bulb  ii  399;  of 
Musd  ii  133 ;  without  rudi- 
mentary vascular   bundle   in 


saprophytes  ii  393.  See  also 
KataphylL 

Scapaniay  leaf  ii  41. 

S.  netnorosa,  gemma  ii  50,  on 
leaf  near  antheridia  ii  51. 

S,  undukUa,  colour  in  relation 
to  light  ii  78. 

Soapanieae,  antheridium,  de- 
velopment ii  13. 

Schistostega,  adult  features  i  1 74 ; 
branching  ii  130;  |^ma  of 
pro-embryo  ii  I30;  light, 
directive  influence  i  334;  leaf, 
apical  segmentation  ii  133, 
development  ii  307  ;  protone- 
ma, luminous  U  130,  signifi- 
cance ii  130;  shoot,  bilateral 
i  66,  ii  137,  dorsiventral  i  68. 

S.  osmundacea,  protonema,  lu- 
minous ii  1 30;  reversion  to 
juvenile  form  i  173  ;  sodal 
growth  ii  139. 

Schitaea,  prothallus,  lateral 
meristem  li  305  ;  sporangium, 
annulus  ii  591,  displacement  ii 
494;  sporophyll  as  new  for- 
mation ii  477. 

S.pusilla,  leaf,  fertile,  develop- 
ment ii  479. 

S,  rw/w/m,  sporophyll,  develop- 
ment ii  478. 

Sohiaaeaoeae,  antheridium,  free 
opening  ii  177 ;  placenta,  ab- 
sent ii  473;  prothallus,  de- 
velopment ii  305 ;  sporangium, 
annulus  ii  591,  arrangement  ii 
496,  displacement  ii  494,  dor- 
siventral ii  574,  opening  ii  ft88, 
position  ii  493*  sporophyll 
and  foliage-1^  alike  in  posi- 
tion and  origin  ii  477. 

SohiaooarpouB  Musd  ii  160. 

Schleiden  on  leaf-development 

ii  303. 
Schoepfia,  ovule,  ategminy  ii  619. 
SciadopUys,  double  needle  ii  444 ; 

juvenile  form  i  155 ;  phyllo- 

dade  ii  445. 
Scilla,  root,  dimorphism  ii  371. 
S,  sibirica^  embryo,  retarded  ii 

351. 

Scirpodendron  costatum,  flower, 
arrest  i  53,  concrescence  i  51. 

Scirpus  lacustrisy  assimilating 
shoot-axis  with  arrested  leaf  u 
447;  cotyledon  ii  414;  ger- 
mination ii  414. 

S,  submersus,  vegetative  charac- 
ters ii  447. 

Soitamineae,  leaf-stalk  ii  399 ; 
venation  and  whole  leaf-growth 
11343. 

Solerenohyma-ilbres  of  Hepa- 
ticae ii  76. 

Solerotium  of  Myxomycetes  i 
363. 

Scolopendrium,  sporangium,  pro- 
tected in  pit  ii  497. 
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Sc^Upmdrium  officinaU^  juTenile 
form  i  151. 

S,  jmlgart^  tponngimiiy  pro- 
tected by  indasiam  ii  497. 

i*.  vu^art^  var.  cambricum,  re- 
Teruon  from  mmlformatioD  i 
185. 

S,  vulgartf  var.  cnspum  Drum- 
momdiae,  apotjpory  ii  608. 

Scr9fiA$iiana,  aouoimyllj.Uteral 
i  108. 

S,/ruUscefu,  halophjte  i  266, 

S,  officinalis,  anisoj^hylly  i  354. 

Sorophuluineae,  ioflorescence, 
unilateral  i  130;  ovary  and 
placentation  ii  56$. 

Scutellaria  jberegrina^  inflore- 
scence, oniiateral  i  136. 

8oate]lam  of  Gramineae  ii  415. 

8Miii-o«lIi  of  sporangiom  of 
Leptotporangiate  Filidneae  ii 

SeMoher-ahoot  ii  453 ;  factors 
inflnendng  growth  ii  454. 

S4caU  r^rra/f,  branching  without 
axillant  leaf  ii  433. 

Sickium   edule,  androednm    ii 

539- 

BooreUon-topatiiin  ii  596. 

Sicuridaca  Sellawiana,  tendril- 
Ions  lateral  twig  ii  455. 

Sedum,  phyllotaxy  ii  44a. 

S,  Clusiatmm,  Magncliiy  rubens^ 
stellatum,  tuberosum,  snccu- 
lence  of  leaf  and  environment 
ia65. 

Seed,  compensation  of  growth 
i  ao8;  hanstorinm  i  308;  pro- 
tection of  ripening  ii  513, 533, 
of  Cycas  ii  513 ;  and  ovale  ii 
631. 

8eed-oo«t  ii  643. 

Seed-formation  and  vegetative 
propagation  antagonistic  i  45, 
313,  ii  469. 

Seedling,  odlos-root  i  44;  etio- 
lated, flowering  i  343;  of 
Gramineae  ii  416 ;  of  Hedera 
i  160 ;  of  Palmae,  leaf  ii  337 ; 
I^yllotaxy  and  asymmetry  i 
83;  of  Spermophyta  and  light 
i  343.  See  also  Jnveidle 
fSorm. 

Segmentation,  of  foliage-leaf 
of  AMplla  ii  488 ;  of  leaf  by 
splitting  ii  336 ;  of  nndeos  of 
embryo-sac  of  Angiospermae 
ii  635 ;  of  peltate  leaf  ii  336; 
of  primordial  leaf  of  Spermo- 
phjTta  ii  331. 

SilagisuUa,  anisophylly  i  99, 
104,  105,  ii  506,  habitnal,  an 
adaptation  i  107 ;  antheridinm, 
development  ii  183;  arche- 
goninm,  development  ii  184 ; 
archesporinm  ii  601 ;  correla- 
tion  of  sporangium  and  leaf 
i  316;  embryo,  difierentiatioa 


ii  344,  position  of  organs  ii 
3^7 ;  fouage-leaf  changed  by 
aaaptation  ii  510;  flower  u 
505,  dorsiventral  ii  507,  hi- 
verse-dorsiventrml  ii  507,  ^08, 
hermaphroditism  ii  509,  radial, 
is  primitive  ii  509;  gameto- 
phyte,   male   ii  183 ;   germ- 

rlant  ii  339;  leaf,  asymmetry 
106 ;  ligule  ii  360 ;  mega- 
sporangium  ii  580,  develop- 
ment ii  603 ;  megaspore,  in- 
trasporangial  germination  ii 
633;  megasporocyte  ii  603; 
microsporangium  ii  580,  de- 
velopment ii  600 ;  microsDore 
ii  163;  prothallus,  develop- 
ment i  143,  ii  194,  trichome 
ii  195 ;  rhizophore  ii  338,  de- 
velopment ii  339,  a  form  of 
root-stalk  ii  331,  transforma- 
tion to  foliage  shoot  ii  339; 
secretion-tapetum  ii  ^96;  spor- 
angium, openin|^  ii  580,  mature 
ii  578,  origin  from  vegetative 
point  ii  473 ;  sporophyll,  de- 
velopment into  foliage-leaf  ii 
475,  primitive  ii  510 ;  strobilus 
as  cutting  ii  476. 

S,  ^rAM(fm,inverse-dorsiventral 
flower  grows  out  vegetativdy 
11508. 

S,  caulescens,  anisophylly  and 
external  £eukors  i  106. 

S.  chrysocaulos^  inverse-dorsiven- 
traf  flower  ii  507 ;  megaspor- 
angia  and  microsporangia, 
mixed  ii  508 ;  sporangial  wall, 
structure  ii  581 ;  vegetative 
shoot  ii  50^. 

S.  ciHaris,  flower,  dorsiventral 
U507. 

S,  cuspidata,  rhizophore  ii  338 ; 
spermatosoid  ii  i8i, 

S,  aenticulata,  flower,  orthotropv 
ii  509,  podial  orthotropous  u 
510;  germ-plant  ii  344. 

S,  Drummonai,  annual  ii  441. 

.S*.  #i^/iln;^,prothallus,develop- 
ment  ii  194;  m^asporangium 
ii  580,  603 ;  microsporangium 
ii    580;    sporangium-wall    ii 

S,  haemaiodeSy  dorsiventral  shoot 
i  107. 

S,  heivetica,  anisophylbr,  retarded 
i  107;  flower,  orthotropy  ii 
509,  podial   orthotropous   ii 

510- 

S,  lepidaphyUat  anisophylly  i 
105 ;  prothallus,  development 
ii  194. 

S,  LycUHy  correlation  of  sporan- 
gium and  leaf  i  316. 

S,  Martensii,  embryo  ii  347 ; 
flower,  apodial  radial  not 
orthotropous  ii  510,  female  ii 
508,  male  ii  508;  prothallus, 


development  ii  194;  rhizo- 
phore ti  338. 

SetagimUa  palUdissisma^  flower, 
dorsiventral  ii  507. 

S.  pictinaia,  flower,  female  ii 
608. 

S.pentagotMt  gall-bulbil  i  197; 
gftUi  193. 

S.  Prnssiana,  flower  ii  505; 
sporophyll,  hypopdtate  ii  503. 

.S*.  rupcstris,  isophyllv  i  105; 
mega^wrangia  and  micro- 
sporanjpa,  mixed  ii  ^08. 

i*.  sastgmncletUa,  isofmylly  and 
anisophylly  i  105. 

S,  serpens,  prothallus,  develop- 
ment ii  194. 

S,  spinulosa,  archegoninm,  open- 
ing ii  183;  ardiesporium  ii 
601 ;  embryo,  differentiatioD 
ii  344 ;  isophylly  i  105 ;  mega- 
K>ore,  time  of  germinatioQ  ii 
033 ;  prothallus,  development 
ii  194;  root-stalkii  330;  rap- 
ture-tuberde  of  spore  ii  195 ; 
sporangium,  origin  from  vege- 
tative point  ii  473. 

S,  stolonifera,  germination  of 
microspore  ii  181. 

S,  suberosa,  inverse-dorsivential 
flower  grows  out  vegetativdj 

ii6o8. 

SelsNginelleae,  fertilization  ii 
508;  flower,  originally  her- 
maphrodite ii  508 ;  isophylly 
ii  K05 ;  megasporangium  pre- 
cedes microsporangium  in  de- 
velopment ii  508 ;  mcgamoie 
thrown  out  further  than  micro- 
spore ii  509 ;  Platystachyae  U 
506;  sowmg  of  megaspore 
and  microspore,  simultaneout 
ii  509 ;  spermatozoid,  bidliate 
ii  173;  sporangium,  distribu- 
tion ii  508 ;  Tetragonostachyae 
ii5o6. 

Semele  androgyna,  phyllodade  U 
450;  seedling  with  foliage4eaf 
U450. 

SeminifiBroaB  scale  of  Abieti- 
neaeii  518,  531. 

Sempervivum,  laminar  mwth, 
basiplastic  ii  313  ;  phyllotaxy 
11443. 

Sepal  ii  331 ;  venation  ii  344; 
without  vascular  bundle  ii  393. 

Septal  placentation  ii  563-4. 

Septate,  carpel  ii  559 ;  pollen- 
••c  ii  555,  597;  rhizoid,  erf 
Musd  ii  45,  no,  of  prothallus 
ii   188;    sporai^^ium  ii  555, 

Sequoia  sempervirenSf  archego- 
ninm ii  039;  flower,  female 
ii  519,  531 ;  sexual  oigan, 
£emale  ii  639. 

Sesamum  indicum,  transforma- 
tion of  flower  to  gland  ii  571. 
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Sesbattia  actileaia^  air-root  ii  a8o. 

Seta  of  Mnsd  ii  161. 

Setaria^  arrest  in  spikelet  i  56 ; 
bristle  of  inflorescence  i  ao. 

Bex-ohansednetofimgas-attack 
ii93. 

8ex-modifloation  by  extenal 
conditions  i  191. 

Saxual  organs,  colour  ii  551 ; 
constancy  in  Bryophyta  U  8; 
of  Hepaticae  ii  70,  disposition 
ii  80,  protection  fi  81,  84,  88 ; 
of  MoBci  ii  149 ;  jphyletic  im- 
portance ii  a;  of  Pteridophyta 
li  17a,  abnormal  ii  187,  distri- 
bntion  ii  aao,  systematic  im- 
portance ii  186. 

Bexnal  shoot  of  Hepaticae  ii 
8a,  85. 

8hade-f onn  oiKnauHa  arv&mis 

Shtrardia  arvensisy  stipnle  ii 
370. 

Shield  of  anther,  of  Coniferae  ii 
516,  of  Ginkgo  ii  516. 

Shoot,  accessory  ii  433 ;  adven- 
titious  i  17,  4a,  46,  83,  ii  aia, 
a3a,  a  76 ;  annual,  of  Spermo- 
pnyta  ii  440;  assimilation- 
shoot  the  typical  ii  440 ;  axil- 
lary, and  azillant  l^ii  432  ; 
axis,  assimilating  ii  445,  as- 
similating and  Tight  i  a45, 
intemodes,  contracted  ii  44a, 
intemodes,  elongated  ii  4^a, 
winged  ii  448 ;  bilateral  1  06, 
go^  137;  branching  ii  431; 
Cactns-form  ii  45  a  ;  cladode, 
i  ao,  168,  349,  u  445, 448, 451 J 
545;  climbing  i  90,  organ  ii 
455  ;oorrelation  of  growth  i  307, 
creeping  i  90 ;  differentiation, 
▼arioQs  methods  i  16 ;  dorsi- 
ventral  i  84,  ii  138, 457,  lateral 
i  9a,  and  anisophylly  i  99,  and 
correlation  i  a  14,  and  gravity 
i  ai9,  aa5,  and  light  i  330; 
endogenetic  apex  ii  a66 ;  epi- 
geons  (photophilons)  ii  44a ; 
etiolated  i  349;  flattened  i  oa, 
a47 ;  foliage-shoot,  typical  ii 
440;  and  function,  relation- 
ships ii  441 ;  geophilons  ii  463 ; 
of  limited  growth,  flower  is  ii 
470;  organ  of  unlimited  growth 
115;  hook  ii  456 ;  hypogeous, 
witih  unprotected  apex  ii  a66 ; 
involution  i  85 ;  juvenile  and 
adult  differ  i  144 ;  and  leaf  i 
13;  leaf-borne  i  4a,  ii  341, 
43i>  435»  441 ;  long  •»<!  "i^ort 
i  35.  ii  43,  "9»  444,'  ortho- 
tropy  and  plagiotropy  i  68,  ii 
39,  41,  and  correlation  ii  ai5, 
and  ^vity  ii  a  33,  a  as,  and 
Ughtii  a3i ,  asa,  a47 ;  orthotro- 
pous  radial  ii  44a ;  photophi- 
lous»  in  the  soU  ii  466  ■  pnyl- 


lodade  i  ao,  168,  a49,  ii  44^, 
448, 45i>  §45 ;  plagiotropy  u 
457,  and  anisophylly  i  113;  with 
protective  apical  cap  li  a66 ; 
radial  i  73,  ii  13a ;  reproductive 
ii  467;  root-borne  i  4a,  46, 
ii  aa8,  376,  a8o,  431;  rootless 
ii  a34 ;  searcher  ii  453 ;  sexual 
ii  8a,  85;  skotophilous  ii 
463 ;  storage  ii  453 ;  substitu- 
tion of  latml  for  lost  terminal 
i  50;  tendril  ii  435, 456 ;  thorn 
i  168,  a64,  U  440,  45a,  456; 
transformation  i  ao,  ii  168, 
333,  264, 435,  440,  45a,  456, 
464  ;  transformed  root  ii  aao; 
vegetative  ii  441 ;  water-reser- 
vour  ii  4^a. 

Shortening,  of  axillary  branch- 
ing in  flower-region  ii  433 ; 
ofroot  ii  a69,  periodic  or  con- 
tinuons  ii  371. 

Short-lived  primary  root  ii  a7a. 

Short-stalked  peltate  foliage- 
leaf  ii  334. 

Siokle  of  ligule  of  Gramineae 

i377. 
Stcydhtm  gracile^  androecium  ii 

539* 

Siebera  ccm^figssafCiBdode  ii45a. 

SiletUf  gynaeceum  and  placenta- 
tion  ii  564. 

.S*.  nocHfloray  flower  and  light 
ia45. 

Silver  fir,  anisophylly  and  light 
i  350;  and  light,  Kny's  experi- 
ment i  350;  flower,  female, 
development  H  5aa ;  shoot  and 
gravity  i  335. 

Silver-glanoe  in  Mnsd  ii  148. 

Silver-aheen  of  Bryum  argen- 
teum  in  relation  to  medium 
i  a6i. 

of  Pteridophyta  ii  490. 

Sinapis,  cotyledon  emarginate  ii 
407. 

Sinker  oiPilastyles  ii  335. 

Siphonieae,  energid  i  33 ;  light 
and  regeneration  i  337 ;  p<ny- 
ergic  i  33. 

Siphonocladiaoeae,  monergic 
and  polyergic  cells  i  34. 

Sisymbrium^  suppression  of  up- 
per bracts  ii  433. 

Siae,  and  colour  of  flower  and 
light  11551;  of  parts  of  flower 
and  intensity  of  light  i  345. 

Skotophilona  shoot  ii  463. 

SmiUuc,  exstipulate  ii  365  ;  ten- 
dril ii  333, 438,  as  new  fonna- 
tion  ii  334. 

S,  SarsaparUla^  tendril  ii  333. 

Sobralia  macranthay  embryo  in- 
complete at  germination  ii  3  53. 

Soil-root  ii  363;  heliotropism 
ii  376 ;  hydrotropinn  ii  376. 

Solanaoeae,  adhesion  of  bract 


and  shoot  ii  438 ;  flower,  ob- 
liquity and  pressure  ii  544; 
lea^  interruptedly  pinnate  ii 
331 ;  ovary  and  plaoentation 

ii  563. 

Solanum  Dulcamara^  adventi- 
tious shoot  ii  377. 

S,  jasmitnoides^  leaf -stalk - 
climber  ii  431. 

S,  tuberosum^  correlation  and 
tuber-formation  1315;  habit  ii 
68;  leaf,  interruptedly  pinnate 
i  1 37,  ii  331 ;  prophyll  of  bud, 
asymmetry  ii  383;  tuber-for- 
mation and  light  i  333. 

^^^Ailiiif^/^,  placentation  ii  567. 

S,  pusillat  flower  becomes  doisi- 
ventral  in  development  i  130. 

Sole  of  carpel  ii  5^7 ;  develop- 
ment in  kanuncmaceae  ii  500. 

SoHdago  canadensis^  axillary 
branching  and  phyllotaxy  i  8a. 

Sonmratia,  pneumatophore  ii 
378. 

S.  acida^  embryo,  non-viviparous 
a  356. 

Sophora  japonica,  leaflet,  asym- 
metry i  133. 

S,  tetraptera,  transpiration-ap- 
paratus in  fruit  ii  571. 

Sorbus  Aucuparia,  leaflet,  asym-i 
metry  i  133. 

Soros,  of  Angiopteris  H  586 ;  of 
Reridophyta  ii  496, 590;  sunk 
in  pit  ii  497. 

Southbya,  related  to  Calypogeia 
1190. 

Spargamum,  antipodal  cells,  in<. 
crease  in  number  ii  637 ;  leaf, 
profile-position,  by  torsion  ii 

^95-  .    .,    . 

Spartium  junceum,  assimilatrnj; 
shoot-axis,  arrest  of  leaf  ii  440. 

Spathegaster  Taschenbergi,  gall- 
wasp  of  oak  i  199. 

Spathtphyllum  plaiyspatha^  con- 
crescence of  spadix  and  spathe 
i  55 ;  inflorescence,  epiphyllous 

ii  437- 

Species,  aggr^rate  ii  479. 

Spergula,  cotyledon  resembles 
foliage-leaf  11403. 

Spermatooyte,  of  Coniferae  ii 
614;  of  Cycadaceae  ii  613. 

Spermatoaoid,  biciliate  ii  9, 
173;  of  Coniferae  ii  614;  of 
Cycadaceae  ii  6 1 3 ;  distribution 
unknown  in  Musci  ii  153 ;  of 
Pteridophyta  ii  17a ;  pluridli- 
ate  ii  173 ;  structure,  an  old 
character  ii  173,  simplest  in 
Lycopodium  ii  173. 

Spermophyta,  anisophylly  i 
107;  branching,  axularv  the 
rule  11431 ,  phyllogenous  ii  43a ; 
cotyledon  ii  401 ;  embryo  ii 
344,348;  flower  11470;  fruit, 
hypogeous   ii   493;   gameto- 
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pbyte  and  ^porophyte  ii  171 ; 
gemma  ii  469 ;  heterophylly  ii 
351 ;  ioTolniion,  doniventral  i 
86 ;  juvenile  form  i  153 ;  leaf, 
apical  grovrth  ii  310,  fonnation 
and  d^elopment  ii  321,  pri- 
mordium  onginatesfromgroup 
of  cells  ii  306,  gorface,  inception 
ii  311 ;  light,  qualiUtlTe  influ- 
ence 1 143 ;  malformation  arti- 
ficial i  187 ;  ovule  ii  614 ;  pol- 
len-tac  ii  574,  599, 610;  pro- 
tocorm  ii  230 ;  regeneration  i 
45;  reproductive  organs  and 
light  i  343 ;  reversion  to  juvenile 
form  1  173;  root,  origin  of 
lateral,  from  several  cells  ii 
3^3 ;  rootleu  ii  364 ;  seedling- 

Sant  and  light  i  34a ;  shoot, 
vision  of  labour  11440;  spor- 
angium 11573, 596, 610;  spore- 
distribution  not  a  function  of 
megasporangiumii  573 ;  sporo- 
phyte  ii  333;  trai^ormation 
of  root  into  shoot  ii  337; 
vegetative  organs  and  light  i 
343. 

Bphaoelariaao,  long  shoot  and 
short  shoot  i  36 ;  pro-embryo 
i  150. 

Sphairia  vekUa,  influence  of  light 
i358. 

Bphaeriaoeaa,  influence  of  light 
on  colour  and  consistence  of 
fructification  i  358. 

Spha§robolus  sUllahiSy  sterile  in 
darkness  i  358. 

Sphaerocarpus,  antheridiom, 
chromoplasts  ii  10,  develop- 
ment ii  13;  chlorophyllous 
embryo  ii  105;  sinking  of 
arch^onium  and  antheridium 
in  thallus  ii  84;  spore-germina- 
tion, rapid  ii  107;  sporogonium, 
contains  spores  and  nutritive 
cells  ii  97,  development  ii  104. 

S,  terrestrisy  antheridium  ii  13; 
archegonium,  distribution  ii 
83;  spore-tetrad  ii  98. 

^A^fyiKM,antheridium,  develop- 
ment ii  13,  position  ii  149; 
archegonial  venter  ii  153; 
archesporium  ii  156,  606 ;  cap- 
sule, explosive  ii  163 ;  embryo, 
structure  and  development  ii 
154;  flattening  of  protonema- 
formation  in  l^ht  1  349  ;  juve- 
nile form  i  1 51 ;  not  a  primitive 
form  ii  159;  pro-embryo  ii 
133  ;  pseudopodium  ii  161 ; 
relationship  to  water  ii  53; 
sporogonium,  radial  i  336; 
water-cells,  perforated  ii  145. 

S.  acutifolium^  protonema  ii  1 33 ; 
sporc^gonium  ii  156. 

S.  cuspidatum,  protonema  ii  133. 

S,  squarrosunif  sporogonium  ii 
156. 


Spike  protecting  flower  of  dra- 

iMomiaVi.  513. 
5j^*nMa,leaf.insertioni93;  shoot, 

dorsiventral  lateral  i  93. 
S,  ArtifuuSf  ovule,  unitegminy 

ii6i8. 
S.Filipendtday  leaf,intemiptedly 

phmate  i  1 37,  ii  331 ;  ovule, 

unitegminy  ii  618. 
.S*.  Foriunn,  LindltyanOt  ovule, 

bitegminy  a  618. 
S,  f^Moria,  ovule,  unitegminy  ii 

618;  stipule,  asymmetry  i  135. 
Spiraaeaa,  ovary,  pluriovular  ii 

560. 
Spiral  phyllotaxy  i  73 ;  in  Bthda 

i  96. 
Spirodcia^  ligular   formation   ii 

336. 
Spirogyra^  rhisoid,  development 

S.fiuviaiilis,  anchoring  rhixoid 
developed  through  contact- 
stimuli  i  365^ 

Splftotmftoeae,  spore^  dbtribu- 
tion  by  animals  ii  165,  shed- 
ding ii  165. 

Sptasknutn^  apophysb  ii  159. 

S,  luieum,  rudrum,  capsule  and 
apophysis  ii  159;  protonema 
ii  138. 

S.    sphaericum,    protonema    ii 

138. 

Split  l*af,  of  Aroideae  ii  335 ; 
development  in  CycUmtkus 
Hpartttus  ii  336 ;  of  Palmae 
ii3»6. 

SpUttinc  of  leaf,  by  wind,  in 
Mma  ii  336;  by  degenera- 
tion in  Palmae  11338;  a  method 
of  leaf-se^entation  ii  335  ; 
through  nun-drops  in  Hilicoma 
dasyantha  ii  338  ;  through  ten- 
sions in  CycUmtkus  H^trtitus 
11338. 

Spontftneona  malformation  i 
184;  transmissible  by  s^d  i 
184. 

Sporangial  spike  oiBairychium 
simplex  ii  006. 

Sponuiglopliore  in  HdmitUho- 
stachys  ii  483,  606. 

Sporangium,  active  opening- 
cells,  endoUiedal  and  exothe- 
cial  ii  577, 611;  annulus  ii  587, 
variable  in  Ceratopteris  ii  595 ; 
on  apogamous  prothallus  ii 
331 ;  arrest  of  ii  510, 554 ;  axis- 
borne  in  SelagineUa  ii  473; 
Bower'sgroupingof  disposition 
ii  496 ;  of  Ceratopteris  ii  588, 
595;  oiColeochaetei\^\  con- 
figuration in  relation  to  place 
of  appearance  ii  57^ ;  correla- 
tion with  sporophylf  i  316 ;  de- 
vel<M)ment  ii  595, 599,601,635 ; 
displacement  of  marghud  ii 
494 ;  disposition,  in  £quiseta-  { 


ceae  ii  499,  in  Lycopodlneae  ii 
503,  in  sorus  of  Pteridofriiyta 
ii  496;  and  distribution  of 
spores  ii  575,  in  one  flower  of 
Selagindleae  ii  508;  division 
of  labour  ii  577 ;  embedded  ii 
573>  5^  >  eusporangium  ii6o3 ; 
uctors  determining  position  in 
Pteridophyta  ii  494;  foliar, 
marginal  in  Filidneae  ii  473, 
peripheral  in  £)quisetineae  ii 
473,  superior  in  Lycopodlneae 
ii  473 ;  free  U  573,  584 ;  fimc- 
tion  ii  573 ;  homology  i  17 ; 
inception  in  Pteridophyta  ii 
601;  leaf-borne,  in  Pterido- 
phyta ii  473,  becoming  axis- 
borne  ii  5 1 7>  556 ;  leptospocan- 
gium  ii  602 ;  and  light  1  345  ; 
mature,  of  Equisetineae  ii  583, 
of  Filicineae  ii  584,  of  Lyoo- 
podineae  ii  578,  of  Spermo- 
phyta  ii  610 ;  opening  ii  509, 

575,  577,  578,  583,  507,  595, 
600,  610 ;  organ  of  propaga- 
tion i  30,  ii  573;  ovule,  a  ii 
573 ;  poUen-sac  a  ii  573 ;  posi- 
tion, m  sporocarp  ii  470,  487, 
on  sporophyll  in  Filicineae  ii 
493;  protective  arrangement 
ii  474,  496 ;  phyletic  hypothe- 
sis regarding  ii  60^ ;  stalk,  its 
origin  ii  574 ;  stalked  and  un- 
stalked  in  Pteridophyta  ii  574 ; 
stomium  ii  575,  579, 588;  sym- 
metry ii  574 ;  tapetum  ii  596, 
5S^»  638 ;  wall-structure  ii  576, 
578,  583,  584,  595,  59^,  598, 
610.  See  also  Ovule,  Kega- 
•porangium,  Mioroapooran- 
gium,  FoUen-aao. 

Spore,  of  Hepaticae  ii  106; 
formation  in  M3rxomycetes  i 
35;  ofMusciiii53;andsporo- 
cyte  ii  596. 

Spore-distribution,  by  animals 
in  Splachnaceae  ii  165;  in 
aquatic  Pteridophyta  ii  3I3; 
318,  474,  575,  in  Hepaticae  ii 
95,97 !  simultaneous  in  hetero- 
sporous  Pteridophyta  ii  312, 
509;  not  a  function  of  mega- 
sporangium  ii  573 ;  in  Musd  ii 
160;  and  sporangium  ii  575, 
580;  and  sporophyll  in  Pti^- 
dophyta  ii  474 ;  by  water  ii  98, 
313,  3i8,  474,  575. 

Spore-germination,  in  aquatic 
Filicineae  ii  211 ;  in  Hepaticae 
ii  106 ;  intrasporangial  ii  ao3 ; 
intrasporogODial  ii  106,  133; 
in  Musd  ii  116;  nq>id  in 
Hepaticae  ii  107.  See  also 
Xmbryo-aao,  MegaqMnre, 
Miorospore,  PoUen-grain. 

Spore-aac  of  Musd  ii  156. 

Sporooarp  ii  474,  479,  490; 
hypogeous  ii  493. 
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Bporooyte  and  spore  ii  596.  See 
also  Megasporooyte. 

Bporogenous  cell-mass  ii  596. 

Bporogonial,  sac  ii  90 ;  taber- 
shoot  ii  93. 

Sporoffonium,  absorption  of 
water  ii  157 ;  of  aaoatic  Bryo- 
phyta  ii  575;  assimilation  ii 
1 58  ;  containing  spores  ii  97, 
and  elaters  ii  99,  and  nntritive 
cells  ii  98 ;  with  elaterophore 
ii  100;  without  elaterophore 
ii  99;  and  gemma  prodnced 
together  ii  51 ;  of  Hepaticae  ii 
93,  development  ii  103,  fluid 
around  young  ii  90,  function 
U  94.  opening  U  95,  97,  99; 
of  Musci  ii  153,  and  light  i 
336,  opening  ii  160 ;  rhizoid  in 
^r^^^ii  157. 

Sporophyll,  anatomy  in  Pteri- 
dophyta  ii  486 ;  biological  re- 
lationship in  Pteridophyta  ii 
474 ;  cause  of  configuration  ii 
473  ;  condition  for  appearance 
in  Filidneaeii  498 ;  configura- 
tion protects  sporangium  ii  496 ; 
correlation  and  form  i  315; 
developed  into  foliase-leaf  ii 
475 ;  and  foliage-lea^  alike  ii 
474,  478,  503,  509,  conform 
in  position  and  origin  ii  477, 
eenetic  relationship  ii  470 ;  is 
K>liap[e-leaf  ii  483;  form  in 
relation  to  sporangium  ii  499; 
formation  and  medium  ii  498; 
function  in  Pteridophyta  ii 
473;  malformation  i  179; 
new  formation  in  Eusporan- 
giate  Filidneae  ii  481,  in  Lep- 
tosporangiate  Fil  icineae  ii  4  7  7 ; 
primitive  in  relation  to  foliage- 
leaf  ii  510;  sterilized  sporan- 
gium in  Coniferae  ii  517  ;  and 
spore-distribution  in  Pterido- 
phyta ii  474 ;  time  of  appear- 
ance ii  498;  transformed  foliage- 
leaf  i  8,  3x6,  ii  477 ;  transition 
to  foliage-l«af  in  Pteridophyta 
ii  474;  of  Angiospermae  ii 
537;  of  Coniferae  ii  515;  of 
Cycadaceae  ii  511 ;  oif  Equi- 
setaceae  ii  499 ;  of  Eusporan- 
giate  Filicineae  ii  483 ;  of 
Heterosporous  Leptosporan- 
giate  Filicineae  ii  487 ;  oflso- 

dneae  ii  485 ;  of  Gimcgoaceae 
11  515 ;  of  Isoetaceae  ii  471 ; 
of  Lycopodineae  ii  471,  503  ; 
of  Pteridoph3rta  ii  473.  See 
also  Oarpeli  Megasporo- 
phylly  Microsporophyll, 
Stamen. 
8x>orophyte,  and  gametophyte, 
alternation  ii  17I1  conneidon 
ii  598,  homology  i  30;  an- 
nual|  Anogramme  Itptophylla 


ii  317,  498;  of  Pteridophyta, 
Nageli's  view  of  origin  ii  ^5. 

Sprengel  on  symmetry  of  flower 
i  133- 

Spraoe,  bud  malformed  by 
Chermes  Abutis  i  178 ;  early 
flowering  of  transplanted  1 3 1 3 . 

Squamole,  intravaginal  ii  359. 

Stocky s,  plagiotropy  ii  461. 

S,  palustris,  syhaiica  ii  461. 

Stackk<msiay  antipodal  cells,  in- 
creased number  ii  637. 

Stahl,  hypothesis  of  leaf-involu- 
tion ii  398. 

Stalk-cell  of  antheridinm  of 
Cycadaceae  ii  613. 

Stalk,  of  leaf  ii  399 ;  of  sporan- 
gium, origin  ii  574,  outgrowth 
of  sporo]myll  ii  603,  617. 

Stalked  and  unstalked  leaf,  com- 
pared ii  301. 

Stamen,  basipetal  succession  ii 
543;  branching  ii  533;  cho- 
risis  ii  535;  compared  with 
sporophyll  of  fftlminthosta- 
ckys  ii  483 ;  confluence  ii  539 ; 
disposition  in  flower  ii  539; 
doublingii536;  flag-appamtus 
ii  550;  homology  i  181,  ii 
ftoo;  malformation  i  180,  in- 
herited i  187 ;  peltate  ii  334; 
phyllodyi  180;  transformation 
1  II,  ii  551,  555;  unifoimitv  ii 
553 ;  without  vascular  bundles 
ii  393;  of  Angiospermae  ii 
537;  of  Coni£erae  li  515;  of 
Cycadaceae  ii  514 ;  of  Gink- 
goaceae  ii  515 ;  of  Gnetaoeae 

Stominal,  phalange  in  Hyperi- 
cum aegyptiacum  ii  534;  pri- 
mordium,  branching  ii  53^ 

Staminode,  nectariferous  ii  550. 

Stangeria^orKiS^  ii  5i3«  develop- 
ment ii  638  ;  prothallus  a  con- 
sequence of  pollination  ii  638. 

S.  paradoxal  ovule  ii  637. 

Stanhopea^  pollen-sac,  confluence 
u  554. 

Stapelieae,  shoot  as  water-re- 
servoir ii  ^53. 

StaphyUa  ptfmcUa,  anisophylly, 
latml  i  loS. 

S,  trifoUatc^  leaflet,  asymmetry 

i  133. 

Stegooarpona  Musd  ii  160. 
Steinheil  on  leaf-devdopment 

ii  303. 
Stellaria  media^  deistogamy  and 

light  i  345. 
Stellatae,  stipule  ii  368,  foliar 

ii  369;  sni^nsor-hanstorium 

11643. 
Stem,  and  leaf,  distinction  i  16 ; 

tuberous  i  333,  362,  363,  ii 

360,  431 »  453»  4^3- 
Suphaniellat  paraphyllium  ii  57; 

water-absorptive  organ  ii  70. 


S.  paraphyilina^  hypo^us  riii- 
zome  ii  70;  xerophily  ii  57. 

Stephanodium  peruvianum^  in- 
florescence, epiphyllous  ii  437. 

Sterculia^  cotyledon  ii  403 ;  ex- 
traseminal  absorption  of  oido- 
sperm  ii  403. 

S,platamfolia,  leaf,  peltate  ii  335. 

SUriocaulon,  symmetry  and  di- 
rection i  73. 

Stereum  stntguinoUntum,  sporo- 
phore  abnormal  in  darkness  i 
358. 

Sterigmata  of  Vittariaoeae  ii 
315. 

Sterile,  and  fertile  shoot  alike  in 
Equiseium  ii  501 ;  sporophyll 
of  Cyccu^  511. 

Sterility,  inherited  i  186. 

Sterilisation,  a  factor  in  de- 
vdopment  ii  605 ;  in  ovule  ii 
637,  638,  633;  in  pollen-sac 
>i  5549  597  f  u>  sporangium  ii 
555>  597»  604;  of  sporangium 
into  ^>orophyll  ii  517;  in 
sporogonium  il  97,  103,  605, 
006 ;  m  synangium  ii  585, 605. 

Stigma  of  Angiospermae  ii  537. 

Stimuli,  concerned  in  fertiUza- 
tion  in  Angiospermae  1  369, 
ii  633 ;  external  formative  and 
configuration  i  305. 

Stimalna,  of  insect  inducing 
formation  of  ovule  i  370;  <» 
pollen-tube  inducing  formatioQ 
of  ovule  i  369,  ii  633 ;  pollen- 
tube  a  non-fertilizmg  ii  634. 

Stipel  i  3 10,  a  379;  protective 
function  ii  38a 

Stipalar,appendage  ii  366;  drip- 
tip  ii  367;  formation  of  Marat- 
tiaceae  ii  315  ;  hypsophyll  ii 
394;  kataphyll  ii  380;  pro- 
pagation in  Marattiaceae  i  46 ; 
scale  of  Ceratopteris  thalic' 
troides  ii  315;  sheath,  ded- 
dttous  axillary,  in  PUusPseudo-- 
Carica  ii  373. 

Stipule  u  359;  adnate  ii  359; 
arrest  ii  364;  assimilative 
function  ii  363;  asymmetry  i 
135;  axiUary  11315,  359, 373, 
418;  climbing  hook  ii  371; 
concrescence,  of  adjacent  loives 
ii  368,  of  one  leaf  ii  367; 
correlation  of  growth  i  310; 
developed  on  sucker-shoot  i 
191;  devdopment  ii  364* 
fleshy  ii  365;  foliar  ii  369; 
form  and  fimction  ii  366 ;  free 
>1  359»  373  ;  gland  ii  363,  381; 
inequality  in  size  ii  366 ;  inter- 
petiolar  ii  368,  374 ;  juvenile 
form  in  Tivpaeolum  majus  i 
163 ;  number  ii  364 ;  persistent 
ii  364;  protective  function  ii 
359»  3^3»  386;  rare  in  Pteri- 
dophyta ii  365;    reduced  ii 
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365;  secreting  mucilage  ii 
381  ;  ^rminet^-relatioi»hi]>t 
i  125,  ii  366;  transfonned  ii 
381 ;  vascnlar  supply  ii  364. 
Stolon,  aod  condition  of  Ufe,  of 
Fragaria  vesca  ii  460;  de- 
velopment in  Circata  ii  440 ; 
of  IlepAticae  ii  33 ;  of  Utri- 
cularia  ii  238 ;  water-taber  ii 

439- 
Stoma  on  sporogooiom  of  Mnsd 

iii59. 

Stomliim  ii  575,  579,  588. 

Stool-ahoot  1  2ia 

Storace,  of  food-material  in  em- 
bryo ii  357;  hypocotylar  ii 
358,  360;  kataphyll  ii  399; 
leaf  ii  398;  root  ii  389;  uoot 
U  453. 

SiriptocearpuSy  correlation  of 
growth  in  cotyledon  i  310; 
cotyledon,  persistent  ii  335, 
403 ;  free-living  leaf  ii  335 ; 
gemination  ii  335;  intercalary 
growth  of  cotyl«lon  ii  404. 

^.^0(^a»Mstf,  cotyledon  ii  404; 
free-living  leaf  ii  335 ;  proto- 
corm  ii  333. 

S.  WindUmdiiy  free-living  leaf 

ii335. 

Striate  venation  ii  338. 

StrobiloMihuSf  anisophylly,  habi- 
tual i  113. 

Strobilna  of  SilagineUa  ii  476, 

505. 
Struthiopitrisgermamca,  phyllo- 

taxy  i  78. 
Style,  formation  ii  565. 
Stylidlaoeae,  embiyo,  retarded 

ti  350 ;  seed,  time  of  germina- 

ticNi  ii  353. 
StyHdium,  embryo,  retarded  ii 

350;  leaf  inversion  by  torsion 

ii  396,  398. 
S,  puosumy  redupliaUum,  leaf 

inversion  by  torsion  ii  398. 
S,  scandensy  hook-leaf  ii  430. 
Styloa  anridiUe,  of  Frullama 

ii6o. 
Submerged  leaf,  divided  ii  358, 

riband-form  ii  357. 
Subterranean  oigan  plagiotro- 

pons  i  68 ;  shoot  i  104,  ii  463. 
SuooubouB  leaves  ii  39. 
Suoculenoe,  of  leaf,  and  environ- 
ment 1  365,  and  salt  i  366;  in 

Cactaceae  i  19 ;  in  EnphorMa- 

ceaei  19. 
Superior  ovary  ii  559 ;  syncar- 

pons  gynaecenm  ii  563. 
SiqDprMsion,  meaning  of  i  56 ; 

of  active    opening    cells   in 

pollen-sac  ii  611.     See  also 

Arrest. 
Surfiftoe  and  filamentous  pro- 

thallns  of  Hymenophyllaceae 

ii  3ia 
Suflpenaor,  and  function  in  An- 


giospermae  ii  643 ;  hanstorinm 

11643. 
Symbioeia,  in  Hepaticae  ii  78 ; 

in  Pteridophyta  ii  198,  318, 

348;  in  root  of  Cycas  ii  383 ; 

and  saprophydsm  ii  318,  334. 
Symmeiry-.  SeeBelationsliips. 
Sympetalae,  ovnle,  epithelium 

ii  638,  unitegminy  ii  61 7. 
SympkoricorpuSy  calyx,  develop- 
ment ii  543. 
S'.f^tt-AM^jafXyheterophylly  ii  353 ; 

leaf-form  on  renovation-shoot 

i  190. 
SymphyogyfUL%  brandling  ii  33; 

hymenophylloid  thallus  ii  35 ; 

leaf  ii  35;  perichaetial  scale  to 

archegonium  ii  83;  rhizome, 

rrmpodial  ii  35 ;  sporogonium, 

development  il  104. 
.S*.  Brogmartii^  leaf  il  36. 
Sympfytumy  leaf-base  decurrent 

as  wing  ii  448. 
S.   officmaU^  orientaley   arche- 

sporium  of  pollen-sac  ii  599. 
Sympodial,  branching,  of  Am- 

pelideae   ii  4^5,   of  leaf  in 

Dicotyledones  li  330 ;  rhizome 

of  Hepaticae  ii  35. 
Synangium  of  Marattiaceae  ii 

585- 
Synoaipout  gynaeceum  ii  558, 

56a-4. 

Synengidae,  embryo-formation 
ii  637 ;  function  ii  637. 

Syringa,  kataphyll  ii  385 ;  win- 
ter-bud, structure  ii  433. 

S.  dubiay  ovular  development 
after  pollination  ii  633. 

.S*.  tmJIgaris,  laminar  growth, 
pleuroplastic  ii  313. 

SyrrhopodoHy  water-cell,  per- 
forated ii  145. 

S,  revohUus^  leaf-structure  ii  145. 

Swarm-spore  of  Vauchiria  i 
33. 


Taeniopkyttum^  foliage-leaf,  ab- 
sent ii  386 ;  root,  i^milation 
iia86. 

T,  ZolHngeriy  protocorm  ii  333. 

TcUisia  princepSy  kaUphyll  ii 
384,  from  leaf-primordium  ii 

385. 
Tamarindus     indica,     leaflet, 

asymmetry  i  133. 
Tamus  eurepaeus,  ezstipnlate  ii 

365. 
Tannin-body  of  Hepaticae  ii 

79- 
Tapetnm  ii  596 ;  functional  not 
mori^ologiosl  layer  ii  597, 
638 ;  of  ovule  ii  638  ;  plas- 
modial  ii  596;  of  pollen-sac 
of  Angiospermae  ii  599 ;  se- 
cretion ii  596 ;  varying  origin 
U597. 


Tapkrina  ccmu  ceroid  causing 
gall  ii  5»^. 

7*.  LauftHciOy  causing  witches* 
broom  1 193. 

Tareixacumy  heterophylly  ii  35  3 ; 
root,  periodic  snortoiing  ii 
571. 

7*.  officinale,  inheritance  of  £ucia- 
tion  i  186. 

T,  palustrcy  leaf-form  ii  353. 

Tofgiama,  air-cavities  ii  75  ;  in- 
volution of  parts  to  resist 
drought  ii  65 ;  scale  ii  30 ; 
spore-germination  ii  113;  qpo- 
rogonium,  development  ii  104. 

Tazhieae,  flower,  female  ii  519. 

Tazodieae,    flower,    female   ii 

$21. 

Taxodium,  prothallus,  male  ii 
614;  root,  Icnee  ii  380. 

T,  iUstuhumt  absence  of  knee- 
root  in  dry  soil  i  360;  leaf- 
apex,  precedence  in  growth  ii 

309- 

TaxuSy  flower,  female  ii  530, 
male  ii  499;  hyponasty  and 
epinastv  i  85  ;  megasporocyte, 
many  ii  638 ;  protectloD  of 
ripening  seed  if  533;  root- 
hair  ii  369 ;  stamen  ii  515. 

T.  baccaiOy  flower,  female  ii  531. 

TtisdaJia  nudiccadiSy  leaf-form 
in  dwarf-conditions  i  359. 

Temperature,  and  blind  flower 
1  313. 

Temporary,  and  persistent  arrest 
of  cotyledon  ii  403 ;  retarda- 
tion of  foliage  in  liane  ii  454. 

Tendril,  absent  in  juvenile  form 
i  161;  adhesive  disk  i  368, 
ii  334,  and  contact-stimulus 
i  a68 ;  correlation  and  forma- 
tioa  i  316 ;  factors  causing 
transformation  idto  ii  438; 
filiform  ii  457;  and  inflore- 
scence ii  435,  456 ;  leaf  i  161, 
ii  42 1 ,  of  Dicotyledones  ii  43 1 , 
of  Monocotyledones  ii  4138; 
Miiller*s  investigations  ii  435 ; 
as  new  formation  ii  334;  root 
U  386 ;  shoot  a  435.  455 ; 
spirally-branched  ii  ^30 ;  tran- 
sition, fit>m  leaf  i  103,  to  leaf 
i  161 ;  tiansformedleaf  ii  431 ; 
watch-spring  ii  456. 

Teratological  phenomena  in 
tendril  of  Cucurbitaceae  ii 
4a8. 

Teratophyllum  acuUatumy  var, 
i$umiisy  leaf^  adaptation  to 
environment  ti  347. 

Terminal,  and  baud  growth  i 
41 ;  cotyledon  of  Monocotyle- 
dones i  16 ;  leaf  i  16,  41,  ii 
305*  541 }  ncv  formation  at 
leaf-apex  ii  343. 

Temtola  longipesy  leaf  without 
vascular  bmidle  ii  393. 
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Tetrad-dirision,  of  megaspo- 
rtDgiom  of  aqtiadc  Filioes  ii 
603;  of  megasporocyte  of 
Spennophytaii  625 ;  of  micro- 
sporocyte  of  lypka  Shuttle- 
worthii  ii  625 ;  of  sporocyte 
c^  Hepaticae  ii  98. 

Tetragottolohus^  cotyledoOi  asym- 
metry i  115 ;  leaflet,  asymme- 
try i  122. 

71  siHquasHSt  itipale  ii  361. 

Tetragonasiachyaey  anisophylly 
ii  506 ;  flower  ii  506. 

TetraphiSy  gemma  ii  140,  dimor- 
phism ii4g  ;  protonema,  special 
organs  of  assimilation  ii  121 ; 
▼irescence  of antheridial  groups 
ii  141. 

T.peUucidOj  flattened  surface  and 
Ught  i  249;  gemma,  origin  ii 
140;  spore,  bedding  ii  165. 

phytism  ii  128. 

7>/rv<£wf/ffM»,protonema^pecial 
organs  of  assimilation  ii  121. 

TkcuUtrum,  stipel  ii  380. 

T,  amnlegiaefolhtm  ii  380. 

Thalloid  v^etatiTe  body  of 
parasite  ii  225. 

TnaOoidima  vesiculart,  symme- 
try and  direction  i  72. 

Thallophyta,  arrest  rarer  than 
in  higher  plants  i  56;  cell- 
colony  i  22;  cell-dominion  i 
22;  colony,  fixed  i  29;  con- 
figuration of  javenile  form  i 
148 ;  division  of  labour  i  21, 
32 ;  pluricellular  plant  i  22  ; 
resting  state  i  261  ;  trichome 
i  21 ;  unicellnlar  plant  i  22. 

Thallose  Hepaticae  leaf  ii  35. 

ThaUtifl,  bilateral,  of  Bryopsis 
i  66;  definition  i  21. 

ThestutHy  ovule,  ategminy  ii 
619. 

ThladioMtha,  tendril,  nature  ii 
425 ;  tuber  and  gravity  i 
221. 

T,  duHa,  androecium  ii  289; 
root-tuber  ii  289. 

Thorn,  formation,  and  medium 
i  263,  an  adult  character  i 
168;  leaf  ii  428;  root  ii  288; 
shoot  ii  452,  456,  reversion  to 
foliage-shoot  ii  453;  stipule 
ii  381 ;  transformed  shoot  i  9, 
ii42J. 

TTkuunum,  shoot,  dorsiventral 
ii  1 38,  plagiotropous,  and  light 

T.  tamarascinum,  paraphyllium 

iii47. 
Thuyay  juvenile   form   i    154; 

megasporocyte,  many  ii  628 ; 

shoot-system  ii  449. 
T,   ccHdentalis^   branch-system 

and  light  1  230 ;  hairless  root 

ii  269;  shoot,  Inmnching  1  88 ; 


transplanted,  early  flowering 
i  212. 

Thuyopsis  dolabrata^  brandi- 
system  and  light  i  230. 

Thymus  SerpyJlum,  plagiotro- 
pous shoot  in  shade  li  459. 

T,  vu^ris,  orthotrojpous  uioot 
in  sunny  localities  li  4^5^ 

71(ffntfia,  root,  dimorphism  ii 
271. 

Ti/icy  cotyledon,  lobed  ii  407 ; 
fruit,  compensation  of  growth 
i  207,  prophvllar  paracmute  ii 
383;  juvenile  form,  direction 
of  growth  i  143;  laminar 
growth,  pleuroplastic  ii  312; 
kaf,  asymmetry  i  1 17,  branch- 
ing of  lamina  ii  312,  insertion 
i  93,  position  i  96;  shoot, 
abortion  of  apex  of  annual  1 
209,  concatenation  of  plagio- 
tropous i  70,  06,  dorsiventral 
lateral  i  93,  go, 

T,  eurepaeoy  root,  development 
periodic  ii  290. 

T.  parvifoUoy  cotyledon,  lobed 
ii  407  ;  synunetry  i  96. 

TitUmdsia,  anchoring-root  ii 
286. 

T.  bulbosa  ii  286. 

T,  usruoidesy  rootless  ii  265. 

Time-reiationahip  in  axillary 
branching  ii  432. 

Timmia,  mammilla  on  leaf- 
surface  ii  143. 

Tissue  -  darelopment  below 
archegonium  after  fertilization 
in  Hepaticae  ii  106. 

TmesipttriSy  dadode  ii  448 ;  hy- 
pogeous  shoot -apex  unpro- 
te<^  ii  266 ;  rootless  ii  364 ; 
sporangial  wall  and  distribu- 
tion of  spores  ii  578 ;  sporan- 
gium, mature  ii  578.  retation- 
ships,ii  R05 ;  sporophyll  ii504, 
and  sterile  leaf  ii  504 ;  sterile 
cells  of  sporogenous  tissue  ii 
297. 

T,  truncatUy  sporophyll  ii  504. 

Todea,  leaf,  structure  and  envi- 
ronment ii  347;  prothallus, 
adaptation  ii  a  10;  sporan^um, 
position  ii  494;  stipule,  axillary 

ii3i5- 

T,  barbatay  annulus  ii  59a. 

T,  peUuciday  leaf,  structure  and 
environment  ii  347. 

T.  suptrba^  lea^  development  ii 
315,  structure  and  environ- 
ment ii  347. 

Tortniay  luiustorium  of  ovule  ii 
639. 

Torreya^  anther,  shield  ii  516; 
flower,  female  ii  519;  ovule 
U519. 

Torsion,  causing  leaf-insertion 
ii  296;  changing  leaf-insertion 
i  93;  obligate  i  186,  inherited 


i  186 ;  unilateral  inflorescence 

through  i  136. 
Toms,  limited  growth  in  Angio- 

spermae  ii  541;   suppression 

ii540. 
Tonia  alpinay  storage-kataphyll 

ii399- 

Trabeculae,  of  sporaneium,  of 
Isoetes  ii  555,  597,  ol  Lepido- 
dendroH  ii  597. 
Tradescantia  virginicoy  embryo, 
differentiation  ii  410. 

Tranaformation,  actual  i  6; 
carpel  to  foliage-leaf,  i  181 ; 
flower  to  anchoring-organ  ii 
K71 ;  flower  to  gland  ii  571 ; 
foliage-leaf,  to  bypsophyll  i 
10,  161,  ii  394,  to  sporophyll 
i  II,  181,  ii  477,  to  tendril  i 
178,  ii  421,  to  thorn  i  168; 
hypsophyll  to  sepal  ii  549; 
innorescence,  to  assimilation- 
shoot  ii  447,  to  climbing-or- 
gan ii  43^,  456,  to  tendrU  ii 
435;  inflorescence-shoot,  to 
geophilous  shoot  ii  440, 464; 
of  leaf  i  6-11,  to  insect-trap 
ii  237,  to  nectary  ii  430,  to 
root  i  161,  ii  237,  to  shoot 
ii  241,  to  water-reservoir  in 
Hepaticae  ii  58 ;  oforgansis, 
actual  i  6,  conditioned  I^ 
change  of  function  i  12,  256, 
by  fungus-attack  in;  of  ovule 
to  foliage-leaflet  i  181 ;  petal 
to  nectary  ii  430,  560 ;  of  pri- 
mordiai8;  of  rldzoid in  Hepa- 
ticae ii  47 ;  rhizophore  to  l^ify 
shoot  ii  229;  of^root  i  la,  to 
assimilation-organ  ii  246,  280, 
284,  to  pneumatophore  ii  278, 
to  shoot  i  12,  ii  227,  and  its  in- 
terpretation ii  228,  to  tendril  ii 
280,  to  thorn  ii  288,  to  tuber 
ii289;  of  shoot,  photophilous 
to  m>philous  ii  404,  to  nook  ii 
456,  to  phyllodade  i  20^  168, 
»i  445»  448,  545»  to  root  u  333, 
to  tendril  ii  455,  to  thorn  i  168, 
264,  ii  440,  452,  to  tuber  ii 
4<;3 ;  of  sporangium  and  sporo- 
phyll, pnyletic  hypothesis  ii 
006;  stamen,to  carpel  i  199,  to 
flag-apparatus  ii  550,  to  foliage- 
leu  i  180,  to  nectary  ii  449, 
to  petal  in,  177, 179, 192,  ii 
449)  551 :  And  temporary  re- 
tardation in  development  i  57. 
See  also  l£alfonnation,Pb7l- 
lody. 

Tranaformed,  flower  ii  571 ; 
leaf  ii  382 ;  radial  shoot  ii 
452,  of  liane  ii  453 ;  root  ii 
278;  shoot  ii  444 ;  sporophyll, 
flower-envelope  and  ii  549; 
stamen  ii  555 ;  stipule  ii  381. 

Transition  between,  bract,  and 
bristle-scale  i  197,  and  petal  i 
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197;  cotyledon  and  folia^leaf 
i  145,  ii  404 ;  embeddM  and 
free  sporangium  ii  574;  epi- 
geotts  and  h3rpogeoiii  cotyledon 
U403;  eotponuigiiun  and  lep- 
toeporangiom  ii  ooa ;  foliage- 
leaf,  and  hypeophyll  i  10,  ii  39 1 , 
551,  and  kaUphyll  i  9,  ii  350, 
and  phvlloditun  ii  354,  and 
tendril  i  10, 161,  and  tabular 
leaf  ii  338;  foliage-thoot  and 
thorn  ii  453  ;  gemma  and  leaf, 
iii4o;  heteroblasticandhomo- 
blastic  genninaticm  i  168; 
hypeophyll  and  flower -en- 
velope ii  549,  550;  inflore- 
scence and  stolon  ii  457 ;  leaf, 
and  climbing-organ  i  161,  and 
root  ii  237,  240,  and  shoot  ii 
S36;  leii'-form  1  6,  10,  163; 
Ittf,  entire  and  divided  ii  294; 
monetgic  and  polyeigic  forms 
i  S4 ;  organs  1  9,  of  difiierent 
synunetry  i  67 ;  peltate  and 
ordinary  leaf  ii  330;  pinnatifid 
and  pinnate  leaf  ii  33a ;  plagio- 
tropy  and  orthotropy  of  shoot 

aniStendm  ii'384, 426;  radial 
and  dorsiventral  lateral  shoot 
i  98 ;  rootsi  la,  anchoring  and 
nourishing  ii  aSiS ;  sporangium 
and  sponmgilieroiis  leaf  ii6o6 ; 
sporophyll  and  foliage-leaf  ii 
474,510;  stamen,  and  nectary 
U  449,  and  petal  ii  449,  550; 
sterile  and  fertile  sporophyll 
ii  511 ;  thorn  and  nectary  ii 
430. 

Triuwition-flgare  in  phyllotaxy 
179. 

Transmiaaion  through  seed  of 
malformatioii  i  184. 

Tranapiration  and  ripening  of 
fruit  ii  570. 

Traaaplaniad  tree,  early  flower- 
ing i  aia. 

Tiftnarene  dorsiventral  flower 
iiaS. 

Trapa,  cotylar  storage  ii  357; 
leaf-stalk  and  light  ii  301 ; 
phyllotaxy  ii  44a. 

Tracirily  on  leaf-development  ii 
303. 

Troe,  concatenation  of  plagio- 
tropous  shoots  i  70,  ii  457; 
conelation  of  growth  in  bud 
i  ao8 ;  gravity  and  shoot  i  aa4; 
root,  periodicity  of  develop- 
ment h  290. 

Tree-ivy  i  160. 

Trmbiay  gemma  it  49 ;  leaf  ii  39 ; 
sexual  organs,  protection  ii  84. 

T,  tnstpmSf  leaf,  arrangement  ii 
30  ;  habit  ii  40. 

Trtansa  hogotensis,  root-apex  ii 
a67 ;  root-hair  of  water-root 
iia69. 


TrickocoUa,  calyptra  ii  89;  para- 

Shyllium  ii  57;  perianth  want- 
ig  ii  89;  spores  germination 
ii  1 10 ;  water-reservoir  ii  58. 
T.  parapkylUna^  paraphylUum 

"57- 

T.phtma,  fertile  shoot  ii  89. 

T,  tomtntittot  paiaphyllium  ii 
57  ;  rhizoid  ii  ^5. 

T,  tomtntosa,  foliiur  water-reser- 
voir ii  58. 

TrichomttfuSf  arch^niophore, 
radial  ii  191 ;  itai,  short- 
stalked  peltate  ii  33^,  water- 
holding  li  348;  protnallus  ii 
207,  ftfchegoniopnore  ii  ao7, 
formaticm  ii  209,  gemma  ii 
a  14,  radial  ii  101 ;  ptyxis, 
drdnate,  absent  ii  3ai. 

T,  Ankersiif  muscotda,  pedi- 
ulUUum^  root,  adventitious  ii 
364. 

T,  brachypusy  leaf,  adaptation  to 
environment  ii  348,  adpressed 
ii  335. 

T,  diffusum,  prothallus  ii  ao7. 

T,  GoebeHtmuniy  rootless  ii  264. 

T.  Hildebrandti,  leaf;  adapta- 
tion to  environment  ii  348, 
form  and  external  factors  i 
117,  shoit-stalked  peltate  ii 
334 ;  rootless  ii  364. 

T.   incisMm,  pinnule,    basal   ii 

347. 

T,  maximum^  radicans,  prothal- 
lus, development  ii  ao8. 

7*.  memhramueum,  leafless  shoot 
functions  as  root  ii  364. 

T,  Motleyiy  leaf,  short-stalked 
peltate  ii  334;  ptyxis,  drdnate, 
absent  ii  321 ;  sterile  leaf 
without  vascular  bundle  ii  292. 

T.  peltatum,  leaf,  short-stalked 
peltate  ii  334;  ptyxis,  drdnate 
absent  ii  321. 

T.  reniformt^  leaf-form,  bio- 
logical significance  ii  346; 
leaf,  lamina  many-layered  ii 

314- 

T,  rigichtm,  prothallus  ii  207, 
gemma  ii  214 ;  symbiosis  with 
nmgi  ii  219. 

71  tinerutHf  sorus  ii  589 ;  spo- 
rangium, opening  ii  589. 

T.  venasum,  prothallus,  gemma 
ii  214. 

Trichome,  definition  impossible 
i  16 ;  of  prothallus  of  Sela- 
ginella  ii  195;  of  Thallo- 
phyta  i  21. 

Trichfipilia,  pollen-sac,  conflu- 
ence ii  554. 

TVickostomum,  spore,  shedding 
ii  163. 

Trifdliumy  branching,  axillary 
"433 ;  juvenile  form  i  155. 

T,  repensy  phyllody  of  carpel  i 
181. 


T.  rttSens,  pressure  and  devdop- 
ment  of  mflorescence  i  138. 

T.  subterrttHitunf  inflorescence* 
hypogeousii  571;  transforma- 
tion of  flower  into  anchoring- 
organ  ii  571. 

Trijagate  system  of  phyllotaxy 
of  Bravais  i  80. 

Tristicha  hypnoidts^  trifitria^  leaf 
without  vascular  bundle  ii  393. 

TriHcum  repens,  hjrpogeoos 
shoot  as  boring-or^  ii  266. 

7*.  vufgariy  emb^ro  ii  415. 

Troliius,  nectariferous  stsminode 
ii  550 ;  petal  as  flag-ai^>aratas 
and  nectary  ii  551. 

71  europaeus,  flower  -  envelope 
derived  from  hypsophyll  ii 
550. 

Tropoioluniy  archesporium  of 
pollen-sac  ii  600 ;  deistogamy 
m  darkness  i  243 ;  flower-bud 
not  unfolding  in  darknesa  i 
243;  haustorium  of  ovule  ii 
642 ;  leaf-stalk-climber  ii  421 ; 
Sachs*  experiments  on  flower- 
ing i  244. 

71  adtmcum,  cut  leaf  ii  337. 

71  majus^  gravity  and  root-for- 
mation i  222;  juvenile  leaf, 
Xentation  ii  337;  leaf, 
,  te  ii  335,  primary  peUate 
li  336 ;  stipide,  a  juvenile  form 
i  163,  reduced  ii  365. 

71  minusj  leaf,  juvenile,  s^:men- 
tation  li  337,  primary  peltate 

ii336- 

71  tricohrum,  tendril,  develop- 
ment i  163,  ii  423,  a  juvenile 
form  i  163. 

Trophic  pole  of  Vohox  i  28. 

Tropical,  plants,  aniaophylly, 
lateral  i  108 ;  spedes  of  Sal^ 
vima  have  unlimited  life  ii 
441. 

Tropo-aporophyll  of  Lycopodi- 
neae  ii  510. 

Tsttgu  camuUnsis^  archegoninm 
11629. 

Tuber,  of  Hepaticae  ii  43,  66, 
history  of  discovery  ii  66;  of 
/uncus  supinus  i  262 ;  of  Poa 
htlbosa  i  263;  of  p<^to,  re- 
tarded by  Ught  i  232;  on 
prothallus  of  Anogrammu  ii 
217. 

'  Taberoiile  primaire '  oiLy co- 
podium  ii  194;  oiLyccpoMum 
salakiHse'^  217. 

TuberooB,  cotyledon  ii  257; 
hypocotyl  ii  258,  260;  leaf  ii 
398 ;  moQocotylous  plants, 
hairless  root  of  ii  269 ;  prothal- 
VoMoiBotrychiurnvv^nuuMm 
ii  198 ;  protocorm  ii  231 ;  root 
ii  289;  stem  U  269,  431, 45;, 
463 ;  stolon  as  water-reservoir 
of  Utricularia  ii  239. 
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Tubular,  bnct  of  Mar^fravia- 
ceae  ii  ^8;  leaf  U  58,  237, 337, 
557*  5^>  characteristic  of  in- 
secdrorous  plants  ii  237,  338, 
derelopment  ii  237,  337,  as 
retarded  formation  ii  337. 

Tulipay  embryo-sac,  redaction  in 
number  ii  36a ;  flower  in  dark- 
ness i  343 ;  megasporocyte  be- 
comes embryo-sac  ii  635. 

T,  syhfestriSf  root-development, 
periodicity  ii  390. 

Twiif,  correlation  of  growth  i 
309. 

Twic-thoms  in  Olaceae  ii  456. 

'  Type '  as  defined  by  de  Can- 
dolle  ii  533. 

Typha,  hy^phyll  ii  397 ;  leaf, 
bilateralii  395,  profile-position 
by  torsion  ii  395;  terminal 
flower-leaf  ii  541. 

7:i'i«ff^/^fl(Vf^A<>,  tetrad-division 
of  microsporocyte  ii  635. 

Typical  root  ii  363. 

U. 

UUx^  branch-thorn  and  medium 
i  363 ;  leaf-thom  and  medium 
1363. 

U»  eurofaeuSy  juvenile  form  i 
168 ;  thorn  i  168. 

Ulmaoeae,  aporogamy  ii  615. 

Ulmus,  laminar  £rowth,  pleoro- 
plastic  ii  313 ;  kaf,  asymmetry 
1  117,  branching  U  313,  posi- 
tion i  96;  seedling  i  70; 
shoot,  abortion  of  apex  of  an- 
nual i  309,  concatenatioQ  of 
Elagiotropons  i  70,  dorriventral 
iterali96. 

U,  campestriSy  ejffusa,  phyllotaxy 
170. 

Uhtkrix  vmata^  colony  i  31. 

Ultra-violet  rays  and  flower  i 

244. 
Uhta  lactuca,  anchcmng-ovgan  i 

XTmbelliferae,  bract,  arrest  i 
^»  tt  397>  433;  branching, 
axillary  ii  433;  cladode  ii 
453;  correlation,  bract  and 
leaf-sheath  i  59 ;  flower,  un- 
essential zygomorphy  i  130; 
hypsophyll  if  397;  leaf, 
acropetal  branching  ii  330, 
cylindric  ii  395;  leaf-base, 
function  ii  399 ;  leaf-sheath  ii 
331;  ovary,  inferior,  develop- 
ment ii  569 ;  ovule^  unitegminy 
ii  617. 

UmHiicus,  leaf,  peltate  ii  335, 
origin  of  peltate  ii  337,  transi- 
tion from  peltate  to  ordinary 
ii  ^3^* 

U.pendttHnms,  primary  leaf, non- 
peltate  ii  336. 

Unequally-aiaed  leaflet  i  123, 
136. 


XTnesa^ntial  zygomorphy  of 
flower  i  130. 

XTufoldiiic  of  long  shoot  and 
short  shoot  ii  445. 

Unioellular,  archesporinm  of 
Angiospermae  ii  033;  plant 
ofThallophytai  33. 

Uniformity  of  stamen  of  An- 
giospermae ii  553. 

Unilateral,  formation  of  pin- 
nules ii  ^80;  inflorescence  i 
136,  and  light  i  137,  and  ex- 
ternal factors  i  137,  origin  i 
138,  through  torsion  i  136; 
pinnation  i  I3i,  ii  480. 

Unilaterally  split  corolla  of 
Compositae  ii  553. 

Unilooolar  ovanr,  becoming 
plurilocular  ii  565 ;  of  syncar- 
pous  gynaeoeum  ii  563. 

Unitegminy  of  ovule  ii  617, 
618,  639;  by  concrescence  ii 
617,  618;  and  sympetaly  ii 
617. 

Unatalked,  leaf  andenvironment 
ii  301 ;  roorangium  of  Euspor- 
ai^te  Filidneae  ii  574. 

Uromyces  pisi,  causing  malfor- 
mation in  Eufharbia  i  193. 

Urticat  anisophylly,  lateral  i 
108 ;  cotyledon,  emarginate  ii 
407. 

U.  dtoiea,  anisophylly  i  354  ;  in- 
florescence, dorsiventral  i  134 ; 
shoot-axis,  structure  of  dorsi- 
ventral ii  545  ;  stipule,  con- 
crescence ii  ,368. 

(7.  mrenSf  cohrledon,  persistent 
ii  403;   inflorescence,  radial 

ii34- 

C/rficaceae,  anisophylly  i  108, 
habitual  i  109;  absence  ot 
petal  unexplained  ii  551 ;  leaf, 
asymmetry  i  116;  stipule, 
concrescence  ii  368 

Ustilago,  causes  sex-change  i 
193. 

U,  antherarum^  causes  doubling 
of  flower  i  193. 

U.  TreuHi,  produces  gall  i  196. 

Utricuiariat  calyx,  confluence  of 
parts  ii  539;  cotyledcm  re- 
sembles foliage-leaf  ii  403 ; 
embryo,  reduced  ii  364;  flower, 
development  of  dorsiventral  ii 
543 ;  lorm  reduced  in  relation 
to  mode  of  life  ii  633  ;  haus- 
torium  of  ovule  ii  640 ;  involu- 
tion, dorsiventral  i  86 ;  juve- 
nile form  i  164;  leaf^  dicho- 
tomy ii  330 ;  lefU'-root  ii  337  ; 
leaf-tuber  u  398 ;  leaf,  tubular 
ii  338,  560;  morphological 
categories,  abolished  i  159  ii 
339 ;  nutritive  tissue  of  ovide 
ii  640 ;  organs,  cate^:>ries  not 
sharplv  separated  18;  proto- 
corm  ii  333 ;  rootless  ii  365 ; 

ZZ 


shoot,  roodess  ii  334;  storage- 
leaf  ii  398 ;  transition  between 
leaf  and  shoot  ii  336 ;  tuberous 
water-reservoir  ii  339 ;  vege- 
tative organ,  protean,  origin  ii 
340 ;  winter-bud  ii  398. 
U.  affims^    stolon-formation  ii 

239. 

U,  bryophUoy  longifolia,  stolon 
and  foliage-leaf  ii  340. 

U,  toiruita,  leaf-root  ii  338  ; 
stolon  ii  338,  and  foliage-leaf 
ii  340. 

U,  Nookeriy  bladders  ii  3^7; 
iosect-trap  ii  337 ;  rhizoid  ii 
337 ;  seedling,  development  ii 
339;  tubular  leaf  li  237; 
vmta-tive  organs  ii  337. 

U,  HumbdcUij  reniformis^  em- 
bryo, chlorophyllous  in  seed  U 

a54- 

U,  injlata,  steliariSf  chalaral  and 
funicular  nutritive  tissue  ii 
641. 

C/,  maniana^  capacity  for  repro- 
duction i  143 ;  embryo,  reduced 

ii  ^54. 
U.  neiumHfolia^  lea(  peltate  ii 

336. 
U.  moiticides,  anchonng-organ 

ii  339. 
U,    irbicukUa,    bract   without 

vascular  bundle  ii  393;  em- 
bryo, reduced  ii  354. 
U,  piUaia,  leaf,  peltate  ii  335. 
U,   reticulata^   inflorescence   a 

climbing-organ  ii  456. 
Utrloularleee,  ptyxis  ii  310; 

tubular  leaf  ii  337. 


yacdmum  Jlfyrti//us,  shoot, 
dorsiventral  lateral  i  94 ;  phyl- 
lotaxy i  161. 

Vaginal  outer  storage-leaf  of 
bulb  c^  LUium  cmdidum  ii 

VoManOt  flower,  avpnmetry  i 
139;  intermediate  formations 
between  organs  i  197. 

F.  PAu,  inferior  ovary,  develop- 
ment ii  56^. 

y.  triptens,  bud  degenerate 
through  Phytoptus  i  195. 

Valerianaoeae,  inferior  ovary, 
development  ii  569;  malfor- 
mation  due   to  Phytoptus   i 

Vallisntria  (JLagarosipkonS  alter- 
mfoHa^  vegetative  point  of 
flower-axis  141. 

Value,  in  or^ography  of  mal- 
formation 1  179;  of  colour  in 
flower  11551. 

ValTSte  vernation  and  con- 
crescence i  53. 

Vanilla  aromatica^  root-tendril 
ii  387. 
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Variation^  in  nnmberof  poUen- 
sacs  in  Aagiocpennae  ii  554;  in 
numerical  symmetry  of  flower 
ii  538;  in  propagatiTe  capacity 
of  organs  i  46 ;  of  stamen  in 
one  flower  of  Coniferae  ii  516 ; 
within  embiYo-sac  ii  637. 

Variations  inherited  i  185. 

Variegation,  inheritance  of  i 
184. 

Varying  origin,  of  similar  or- 
gans i  18 ;  of  tapetom  ii  597. 

Vaacnlar  bundle,  of  leaf  ii  39a ; 
leaf  without  ii  292  ;  supply  of 
stipule  ii  364. 

VoHckeria,  absence  of  juvenile 
form  i  148 ;  swarm-spore  i  a^. 

V.  claoata,  anchoring  rhizoid 
developed  through  contact- 
stimuli  i  269;  riuzoid,  a  ju- 
venile character  i  369. 

V.  iemmata,  resting  state  in 
drought  i  263. 

VegetatiTe,  adaptation  of  Musci 
ii  141;  body,  of  Lemna  i 
16,  ii  336,  of  Pilosiyles 
ii  335,  631 ;  development, 
throu^  postponement  of  pro- 
pagation ii  605,  increased 
through  suppression  of  repro- 
ductive organs  i  142,  313,  ii 
313;  organs,  liable  to  chan^ne  of 
functioQ  i  14,  of  higher  punts 
i  30,  propagative  organs 
cannot  be  rtHmtA  back  to  i 
18;  point,absent  in  Lemnaceae 
i  41,  absent  in  embryo  of  Mo- 
nocotyledones  ii  345,  approach 
to  in  Thallophyta  i  31,  and 
branching  i  33,  formation  of  or- 
gans at  i  41,  regeneration  at  i 
41,  regeneration  of  i  43,  Wolff's 
term  i  33 ;  points,  cell-dominion 
with  i  33,  competition  between 
i  43;  propagation  antagonistic 
to  seed-formation  i  45,  313,  ii 
51,  315,  469,  in  r^eneration 
1  48 ;  and  rraroductive  shoots, 
symmetry  i  09,  ii  507. 

Velamen  of  air-roots  ii  383, 
384. 

Venation,  diootylous  ii  342; 
and  leaf-size  ii  342 ;  and  whole 
leaf-growth  ii  342;  monoco- 
tylous  ii  339;  of  petal  ii  344; 
of  sepal  ii  344;  variation  in 
one  plant  ii  339. 

Ventral  canal-cell  of  archego- 
nium  of  Pteridophyta  ii  184. 

Vernation,  concrescence  in  val- 
vate  i  53. 

Veronica^  confluence  of  petals  ii 
539 ;  juvenile  form  i  167 ;  re- 
version-shoot i  172. 

V,  Becca^ungOf  endogenetic  ad- 
ventitious root  ii  273. 

y,  cupressoides,  juvenile  form  i 
167  ;  reversion-shoot  i  218. 


K.  hedtraefolia,  cotyledon  per- 
sistent ii  403. 

F.  fycopodundes,  heterophylly  ii 
353 ;  juvenile  form  i  167 ;  re- 
version i  173. 

Vidurmimf  petiolar  gland  ii 
362;  question  of  stipule  ii 
362. 

y,  Opulus^  correlation  of  growth 
in  flag-apparatus  i  31 1;  flag- 
flower  ii  571 ;  honcr^-gland be- 
coming stipule  ii  381 ;  stipule 
ii  363,  number  ii  364. 

Vicia,  stipule,  asymmetry  i  135, 
honey-gland  ii  381. 

y,  Craccaf  inflorescence,  dorsi- 
ventral  i  67,  135;  stipule, 
asymmetry  i  I3i,  135,  func- 
tion ii  360. 

y.  Faba,  etiolated  seedUng 
flowering  i  3^3 ;  &sciation  1 
190 ;  juvenile  form  i  156 ;  leaf, 
malformation  i  178,  experi- 
mental i  191 ;  root,  formation 
and  light  i  331,  movement 
in  soil  u  376 ;  shoot,  oithotro- 

rous,  doiiiventral  branching 
71. 
Victoria  regia,  juvenile  form  i 
165;    leaf,    peltate    ii    335, 
prickle  i  364. 
Vtminaria  <i!n»fA^a,phyllodium 

yiola,  flower,  opening  and  clos- 
ing and  light  i  345. 

V.  tricolor,  stipule  and  function 
U366. 

Vireacenoe,  of  antheridial  group 
mTetraphis  ii  141 ;  of  ardie- 
gonium  ii  187;  of  sporophyll 

Viscum,  cotyledon  resembles  foli- 
age-leaf ii  403 ;  flower,  reduc- 
tion ii  632;  sterilization  of 
sporogenous  tissue  in  poUen- 
sac  ii  597. 

V,  album,  embryo-sac  embedded 
in  torus  ii  630. 

V,  articulatum,  many  embryo- 
sacs  embedded  ii  620. 

Vitex  Agnus-castusy  leaflet, 
asymmetry  i  123, 

Vitis,  tendril  ii  457. 

y,  cinerea,  tmlptna,  tendril  ii 

435- 
y*  ptervphorOf  storage-shoot  ii 

453- 
y,  vinifira,  gabler  i  186. 
Vittaria,  prothallial  gemma  ii 

214  ;  prothallus  ii  305. 
Vittariaoeae,  prothalliid  jgemma 

ii    314;    prothallus   ii    206; 

sterigmata  ii  215. 
Viviparous,  plants,  embryo  ii 

255;  race,  of  Poa  alpina  i 

179,  of  Poa  bulbosa  i  179. 
Vivipary,  and  moisture  ii  257 ; 

transmission  in  Poa  i  184. 


Vdohting,    experiments    upon 

flower  and  li^t  i  244. 
VolToeineae,  colony,  confign- 

raticm  i  27. 
yohwx,  colony  i  27 ;  division  of 

labour  i  28 ;  tropic  pole  i  28. 
y,  aureus,  coenobram  i  28. 
Voyria,  embryo,  reduced  ii  254 ; 

ovule,  ategminy  ii  618. 
y.  aturea,  ovule^  at^^miny  ii 

619,  development  ii  019. 

W. 

Wachindorffia  tkyrsifiorafiovns, 
transverse  dorsiventral  i  128. 

Wall-oell  of  antheridium  of 
Cycadaceae  ii  613. 

Watoh-spring-tendrll  ii  456. 

Water,  absorption  by  Muad  ii 
141 ;  influence  upon  organs  i 
260 ;  relationship  oiSplu^gna 
to  ii  53;  root  has  arrested  hairs 
ii  269 ;  and  spore-distribution 
ii  575;  storage-root  ii  284; 
storage-tissue  of  Hepaticae  ii 
76;  storage-tuber  of  Ano- 
gramme  ii  216;  uptake  by 
leaf;  of  Hepaticae  ii  52,  of 
Muad  ii  145,  of  Pinguicula  ii 
349,  c^  Pteridophyta  ii  347, 
349. 

Water-ohamber,  capillary  in 
Hepaticae  ti  58. 

Water-ezoretion  of  Riccia  ii 

Water-form  of  Riccia  i  369,  U 

34. 45- 

Water-leaf  i  260,  ii  34,  348; 
and  medium  i  260. 

Water-pit  in  Anthoceros  ii  56. 

Water-plant,  endogenetic  ad- 
ventitious roots  ii  273;  root- 
hairs  absent  ii  269 ;  rootiess  ii 
a65. 

Water-reservoir,  capillary  in 
Hepaticae  i  361 ;  leaf  as,  in 
Hepaticae  ii  58;  shoot  as  ii 
452 ;  stolon  as  ii  239. 

Water-sao,  archegcinial,  of 
Musd  ii  153;  insect-tnp  in 
Hepaticae  ii  64. 

Water-slit  at  leaf-apex  ii  309. 

Water-storage  in  mucili^ge  ii 


imet 


^ebera  proHfera,  propagative 
shoot  ii  139. 

WeddeUna  squamulosa,  anchor- 
ing-organ  ii  222;  hapten  ii 
222;  leaf  without  vascular 
bundle  ii  393. 

IVeigela,  double  leaf  i  190. 

Weissia,  papilla  on  leaf-8nr£soe 
ii  143 ;  six)re,  shedding  ii  163. 

mhoiUchta,  archegonium  ii 
639;  embryo,  suctorial  organ 
ii  409;  embryo-sac,  ger- 
mination ii  629 ;  flower,  male 
i  60;  hermaphroditism  i  60,  ii 
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536;  hypocotylar  haustorimn 
li  403 ;  sexual  orgaoi  female  ii 
639;  ovule,  tmit^miny  ii  639. 

W.  mirabilis,  branching,  power 
absent  ii  ±11 ;  flower,  male  ii 
536;  leal,  persistent  basal 
growth  ii  533. 

Wheat,  embrvo  ii  415. 

Whorl,  false  li  333. 

Wiemer,  on  anisophylly  i  100 ; 
on  internal  symmetry-relations 
and  anisophylly  i  354. 

Wind-diatribation  of  spores 
"  575»  «porophyll  and  ii  474. 

Wind-polUnatioxi,  in  Cyaida- 
ceae  not  universal  ii  513 ;  in 
Monocotyledones  ii  547. 

Wing,  decarrent  leaf-base  ii 
448;  of  leaf  of  Filidneae  ii 
314;  of  shoot-axis  ii  448. 

Winged  thallns  of  Hepaticae 
ii  18,  30. 

Winglesa  leaf  of  Piluiaria  ii 

314- 

Winter-bud,  of  Myriophyllum 
i  174,  3 1 8,  ii  398;  prophyll  ii 
383;  structure  in  Syringa  ii 
433 ;  of  Utricularia  ii  398. 

Witches*  broom,  caused  by 
Aecidium  elaiinum  i  193, 
Exoascus  i  193,  Taphrina 
LttureMcia  i  193;  develop- 
ment i  193 ;  shoot  always 
sterile  i  193. 


Wolff,  Kaspar  Friedrich,  ser- 
vice to  history  of  develop- 
ment i  6 ;  on  leaf-development 
ii  303. 

IVolffia,  free-livmg  leaf,  ii  335. 

W,  arrhisa^  WelwUschii^  root- 
less ii  365. 

Woond-oallas,  new  formation 
of  organs  on  i  44. 


XaMthochymus  pictorius^  hypo- 
cotylar storage  ii  358. 

Xanthosoma  bclophyUum,  vena- 
tion ii  341. 

XtratUhemum  macrophyUum^ 
hypsophyll,  division  ii  397. 

Zerophiloua,  adaptation  i  165, 
in  EouUeium  kyetnaU  ii  44O, 
in  Hepaticae  ii  57,  65,  in 
Mnsd  ii  143,  148;  marsh- 
plants  ii  446 ;  plant,  juvenile 
form  i  165. 

Xerotes  longifoiia,  leaf-lamhia, 
differentiation  ii  300. 

Xylophylla,  phylloclade  ii  453. 


Yacoa,  formation  of  organs  and 
gravity  i  334. 

Z. 
Zamiaf  pollen-grain,    germina- 
tion ii  613;  stamen  ii  514. 


Z.  Skinturi,  stamen  ii  514. 
ZanUocukas,  leaf,  cutting  i  46. 
ZamtukeNutt    archesporium    of 

pollen-sac  ii  600;  macropo- 

dous  embryo  ii  360. 
Zanonieae,  tendril  ii  437. 
ZoMonia    macrocarpa^    tendril, 

axillary  ii  437. 
Zea     Mais,    antipodal     cells, 

number  ii  637;  prop-root  ii 

377;    root-hsdr    arrested    in 

water  ii  369 ;  seedling  ii  416 ; 

sterility  mherited  i  186. 
Zilla    myagrciikSi    leaf,  adult, 

arrest  i  167;  juvenile  form  i 

167. 
Zingiberaoeae,  ligule  ii  377; 

petal,  transforms  stamen  ii 

551 ;  plog-tip  ii  309. 
Zizama   aquatica^   seedling    ii 

417. 
Zocpsis,  reversion  of  leaf  to  thal- 

lus-form  ii  43 ;  rudimentary 

formii  115. 
Z,  orgiMtiOf  rudimentary  form  ii 

114. 
Zostera,  macropodous  embryo  ii 

361;  pollen  ii  611. 
Z,  marinay  macropodous  embryo 

ii  363. 
Zygoepoire  of  Mucor^  germina- 
tion   in    varying   nutrition    i 

366. 
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